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PREFACE 

The science of Geogniphy sets f-^irtli tlie relations of life 
and its environment to the earth, and it is the fnnction of 
both the writer and the teacher of geography to explain 
these relations. In the Elementary Natnral Geography 
the pupil studies the various peoples of the earth and the 
countries in which they live ; in the Advanced Geogra- 
phy there is presented in addition a discussion of the 
industries of life and their geographic distribution. In the 
present volume, which the author has prepared as a log- 
ical sequel, it is designed to show that the distribution of 
life is governed very largely by the conditions of geo- 
graphic environment, and that human Instory and indus- 
tries are always closely connected with geographic hu\s 
— in many instances the direct resultants of them. 

The science of Geography as now understood includes 
something more than a mere description of topographic 
forms — it comprehends the gradual and progressive devel- 
opment of these forms and their results as regards life, as 
well. It includes also the effects of temperature and 
moisture, for life and its activities depend also on them. 
That is, it naturally involves the principles of Descrij^tive 
Geography', Physiography, and Economics ; and the pres- 
ent volume is designed to show their interrelation. 

In scojie this book contains all the principles recom- 
mended by the Committee of Fifteen, and such other feat- 
ures as have suggested themselves to the author. It is 
designed to be used in the junior grades of the High 
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School, aud iu Normal Schools. "With jmlj^nicnt in the se- 
lectiou of the topics, it may be begun iu the last half oi 
the eighth year of the Grammar School. The arruuge- 
meut of the subjects is logic-al, but the teacher Jiiay readilj' 
organize a course of study in tlie siiljject without reference 
to tlie present arrangement. To make this more easily 
accomplished, the iiriiici/iJcs of the subject are set forth in 
the larger type ; relevant niidter that is illustrative^ but 
non-esseutial is confined to the notes. In general, the 
teacher should not hesitate to omit a topic the discussion 
of which is too ditticTilt for the class. 

The Questions and Exercises are designed to stimulate 
observation and independejit thought. If, occasionally, 
they leave the pupil iu doulit, the design of the author will 
be fullilled. The pupil must learn by experience that 
knowledge does not come in cut-aud-dried packages ; it 
comes only after long and paiiistaking investigation. 

In the prejuiratiou of the work the author takes pleasure 
iu acknowledging the material assistance of Miss Frances 
Bronson, and of his daughter. Miss Elizabetli Ebert Iled- 
way. But to more than anyone else, however, thanks are 
due to Miss Stella Wilson, Instructor in Physical Geog- 
raphy in the Central High School, Columbus, Ohio. To 
Miss Wilson's keen judgment, excellent criticism, and ex- 
perience are largely due the usefulness as a text-book which 
this volume may have. 

The books designated for reference and collateral resid- 
ing arc intentionally few in number, and those most com- 
monly cited should be in the school library. The teacher 
will also find it very advisabliA to g(^t in close touch with 
the United States Geological Survey and the Weather 
Bureau. The Bunvru of Geography recently estaVilished 
at Winona, Minn., will also be helpful. 

J. W. R. 
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IKTEODrCTORY 

OxLY a casual tbouglit is needed to make it apparent 
tiiat life on tlie earth, as we now iind it, depends on a very 
delicate adjustment to its surroundings. Living Ijeiiigs 
require certain conditions of heat, moistvire, and geo- 
graphic environment ; and if these are changed ever so 
slightly the life forms must adjust themselves to the new 
conditions, or else thej- must seek a new abiding-i)lace ; 
or, perhaps, they may perish altogether. 

For instance, turf grass recpiires water at very short 
intervals, and if for several successive years there are 
droughts of five or six months' duration, it will die. And 
if there are herds of cattle in the region, they must adjust 
themselves to the changed conditions. They must adapt 
themselves to other food, or they must migrate. Other- 
wise they too will perish. 

Were the temperature of the earth to change only a few 
degrees there would be a similar disturbance that would 
involve almost every living thing. And if it should fall so 
low that the water were everywhere frozen, life as we now 
know it could not exist any great length of time, because 
living beings need in their structure a large proportion of 
water, and the latter must be taken into the structure in 
a liquid form. For a similar reason, if all the water were 
in the forui of vapor, life could not long endure luiless the 

1 
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life forms were very different in structure from those with 
which we are accjuainteJ. 

Life is by no means evenly (listributed over the earth, 
however, A few species spend the oreater part of their 
existence in the air, and a larger number live in water only. 
By far the greater number of species, however, live at the 
plane of contact between the atmosphere and the earth's 




A FERTILE VALLEY, NEW ^ORK 
Capable of producing cihinldant foad-!hiffs. and d.ni.-lr p,-op!,\l. 

rock envelope— that is, on the land surface of the earth. 
Their distril)Htion is governed by the conditions of warmth, 
moisture, and surface, and if tlu>s(> conditions were to 
change ever so slightly, the distribution would be disturbed. 
Life and its distribution are governed by geographic laws ; 
if the latter chang(\ so jnust the former. 

Man, who stands at the head of animate nature, is able 
to endure a much wider range of warmth, moisture, and 
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surface features than most other living beings. He can 
withstand extremes of heat and cold that are fatal to most 
other animals, and he can live indifferently in places of 
great drought or of excessive moisture. The arctic re- 
gions are not so cold, nor the tropical lauds so hot that 
man cannot dwell there; and throughout the wide world 
one can find scarcely an ice-clad summit or a sun-beaten 
desert in which human beings have not lived. 

On account of these varying conditions — all the result of 
geographic laws — the study of the earth is Ijotli important 
and interesting, because it is the home of man. Like all 
forms of life, man requires food ; more than any other ani- 
mal, he needs shelter. His food, of which he consumes 
about eighty tons during the three or four score years of 
his existence, comes from the earth — the laud, the water, 
and the air each yielding part — and the materials that are 
used for clothing and shelter come also from the same 
source — the earth. 

So, in order to understand the story of life, its history 
and its industries, one must learn about the physical geog- 
raphy of its surroundings — that is, about its environment, 
or the various conditions of heat, moistiu'e, and surface 
features. Land animals could not live until the waters 
were separated from the land. Before they could main- 
tain life, vegetation must have spread itself over the land ; 
and before vegetation could endure there must have been 
soil. And before there could be soil, the surface of the 
land must have been folded, broken, worn, and furrowed, 
so that the fragments of rock could be ground fine and 
formed into soil. All these earth-weathering processes 
must have been going on before the higher forms of life 
could exist, and all over the surface of the land such 
changes are even now going on from day to daj'. Scarcely 
a summer shower falls that does not leave its marks ; and, 
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indeed, tlirougliont tlie pliysical liistdiy of tlio ofirth tlje 
most apjjcirent feature is constant cLauj^e. 

From the time tlie laud was fii'st dividcil fi-om tlje ^\■at<■l■s, 
the co]jti])(;iits, or great Ijodies of laud lia.ve l)eeii evf;r 
ehaughig. Ill ]jlac(.'S, a]tciuat(,'ly sijjl^iiig, risiug, and 
warping in various ways, the s1jo](; ontljjjcs have taken 
various fornis. Itug^uil coasts sinking Ijihjw sea-]e\'el 
have resulted in the fjordcd shores, such as those of the 
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North Atlantic States, making the harlHus where so much 
of the nianul'a(;tuie and coniincicc (jf the countiy have 
centred, llising coasts ha\i; lifted natiii-a] liaiixiis aljo\e 
sc!a.devel, making tlic a,])]u-oaclies to tlic laud so dithcult 
tliat Vi;ssels (-ail lind no sjiclti'rcd aiu'lini a'jc Old sca- 
huttoiiis, c(]\crcd with srdinieuls that furni the rickrst 
soil, ha,ve lieen lifted above the bea, and in time lia\e be- 
come densely peopled areas. 
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Certain forces are causing- tlie surface of the rock eu- 
velopo to wrinkle and fold, forming plateaus, nionntains, 
and valleys ; and at the same time the waters of the atmos- 
phere, falling as rain or snow, are constantly at work wear- 
ing away the wrinkles and folds, carrj'ing the material back 
to the sea. 

It is necessarj' to know about these processes, and to 
understand how they are going on, because almost every 
form of life is more or less modified by them, and certainly 
the history and the industries of man are very largely gov- 
erned by them. Man may rise superior to his euyiron- 
ment — that is, liis geographic surroundings — but he is al- 
ways more or less modified by it. Mountains and valleys, 
plains and plateaus, oceans and rivers, have all been potent 
factors in making the destiny of peoples. 

The rugged and barren slope of Norway forbade any 
great development of agriculture, wliile the deeply fjorded 
shores invited the pursuits of the sea. The Norse people, 
therefore, became sea rovers and magnificent sailors. The 
uncultivable mountains of Greece could not well yield the 
food-stufi's necessary for the jioj^ulation, so we find a his- 
tory of " Greece scattered." From the remotest times the 
rich valley of the Tigris and Euphrates, because of its fer- 
tility, has always attracted people, and we therefore find it 
a densely settled region. 

Unless there is something to unfit them for human habi- 
tation, lowlands are favorite places of dwelling, and by far 
the greater part of the world's population is found in them. 
How is the statement borne out in tlie case of the Central 
Plain of North America ? — the swampy, forest phriu of 
the Amazon ? — the great lowland region of southeastern 
Asia? — the northern plains of Eurasia? 

River bottom-lands, also, are nearly alwaj's densely peo- 
pled. How is this illustrated in the history of Egypt ? — 
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with regard to tlie nations dwelling in the MesopotaiJiia? 
— the valley of the Ganges? — the bottom-lands of the 
Mississippi River? — the Sacraniento-San Joaquin Valley? 
Extensive desert regions are always sparsely peopled ; 
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A locality not iuitaH.- /or farming : a f, -to food -pi a lit i iiiav In- grown. 

why? How is this illustrated in the eastern and west- 
ern halves of the United States? The population of 
rugged highlands and mountain ranges is usually sparse ; 
is there a good reason therefor ? 

The hot regions of the land are almost always densely 
peopled, the deserts and forest swamps excepted. Is this 
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true of the intensely cold regions? Life thrives best in 
regions of warmth and of strong sunlight. Are all parts 
of the earth equally warmed ? Have all parts the same in- 
tensity of light? Compare the density of population of 
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Both laiipL'rafKi-c ami moisture arc ftji'orabtr to n ^irai prOiiiu'tivily of food-stuffs. 

cold and dimly lighted parts of the earth with that of the 
warm and strongly lighted parts : in which is it greatest ? 

Tlie study of the distribution of heat and cold, of rain 
and drought, of highlands and lowlands, and of fertile and 
unfertile regions form an essential part of the study of 
geography ; the study of the jDrogressive changes that have 
been and are now taking place on the earth's sui-face con- 
stitutes the science of physiography, or " nature-crating." 
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The oliject of tliis Ijook is to show that the fiTiHlauieiital 
];uvs of geograplxie science not only coDti'ol the structure 
of Hfe forms and their distribution over tlui eartli, but that 
tliey also largely control and modify the histoiy, the activi- 
ties, and the various economies of man, as -well. 

QUESTIONS AND EXERCISES.— What are the leading industries 
of the city or town in which you live ? Note and describe a geographic 
feature that favors any one of these industries, and without which the 
industry could not thrive. 

What would be the efiict, so far as the habitability of the sur- 
rounding region is concerned, were the rainfall to be diminished one- 
half ? 

How would a material change in the surface features affect the indus- 
tries ? 

On p. 369 is a map of New York Harbor ; what would be the effect on 
the commerce of the port if the surface of the water were lowered two 
hundred feet ? 

Mention two or more reasons why lowland regions are more densely 
peopled than highlands. 

Quito, the capital of Ecuador, is in the midst of a fertile region nearly 
two miles above sea-level ; what are its advantages over the coast plain 
region to the westward ? 

Make a list of half-a-dozen or more extensive regions that are not 
habitable, and explain the geographic reasons for their condition. 
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CHAPTER I 

THE EAETH AMONG PLANETS 

The Solar System.— The cluster of li(;aveiily bodies 
culled the solar system is one of u great number of groups 
in space. The members of this group revolve ab<jut a 
common centre of gravity, however, and for this reason 
tijey are called collectively a nijuh-in. The numljer of 
bodies comjiosing it is unknown. 

The members of this system vary greatly in size. The 
largest is ab(mt 886,000 miles in diameter, and the small- 
est are proltably too minute to be measured by ordinary 
standards. Eight of them, however, are three thousand 
miles, inore or less, in diameter, and a large number, aljout 
four hundred, vary from ten miles to less than live liundred 
in diameter. 

The largest member (^f the solar system, the sun, is 
about eight hundred times as large as all the others to 
getlier, and the common ctaitre of gravity around which 
they revolve is very near to it or, perhaps, within its mass. 
The eight bodies next in sizt; are called jilanefs, and all but 
two of them ar<! attended each by one or more auhdlik'H or 
inootin. The four hundred or more snuill jilanets are called 
(i,8li'r(ji(],H,^ or, more properly, [jhrndoliln. In addition 
there are several coiiuis- and groups of laetcorn-'' that 
have a permanent 2)lace in the solar system. 

There is much evidence to show that the planets are 
composed of the same kinds of sul>stanc(! or material, but 
it seems certain that they are very unlike one another in 

'.) 
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physical conditiou ; for while some, bulk for bulk, are but 
little heavier than water, others are about as heavy as iron 
ore. It seems certain also that this difference is largely a 
result of temperature ; for while some of the planets have 




THE SOLAR SYSTEM 

The space within the oi-hit of Jupiter shores the ir/^ifivc si^c of the Sun. 

apparently lost the greater part of iheii- heat, others still 
are very hot. The sun, for instance, is a glowiug mass 
surrounded by white-hot vapors, and its heat is probably 
greater than any artificial heat known. 
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The Sun and the Planets. — The similarity of the sun 
and the plauots to one another is far more marked than 
their points of difference. All whirl around a common 
centre of gravity in a direction from west to east, and each 
turns or spins on its axis in the same direction. Each is 
nearly si:>herical in shape, differing from a sphere by a 




THE MOON 

From it photograph. 



curvature that in nearly every instance is a slight flatten- 
ing at the poles of their axes. Several are known to be 
surrounded each with an atmosphere, and there is some 
evidence that this is true of all. 

It is now generally believed that the members of the 
solar system formerly existed as a body of gaseous matter ,' 
because the force of gravity drew the particles together, 
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toward the centre of gravity, a rotation of the mass aronncl 
the centre of gravity resulted. Finally, parts of the mass 
were thrown oti', one after another, forming the planets. 
In the same manner, the rapid rotation of each planet 
threw off portions of its mass forming the satellites. 

Although the assumed formation of the solar system by 
this process is a matter of theory, it is a theory supported 
by evidence. The telescope reveals many such masses of 
gaseous matter showing planetary formation. The spec- 
troscope, an instrument f(ir analyzing light, shows, not 
only the matter of which they are composed, but also that 
the matter is in rapid motion. It shows also that the 
earth and the sun contain the sonn' l^imh of matter. Cal- 
cium, hydrogen, iron, and sodium, the substances of greatest 
abandance at the surface of the sun, are also among the 
most abundant substances in the composition of the eartli. 

The Form of the Earth. — The earth is one of the 
planets. From Table I. (Ajipenih'.r), find how it ranks 
among the other planets in size ; — in distance from the sun. 
In form the earth resemlilcs the other planets, being nearly 
spherical, but slightly flattened at the poles. It is usually 
said to be an oO/i.ife spherniil — that is, a sphere flattened 
at its polar diameter, but it deviates slightly from this 
form ; hence the term geoid is sometimes used to apply to 
its irregailar shape. 

The spherical form of the earth is shown in various 
ways that are well kno\vn, but it is demonstrated most 
clearly by surveying a horizontal straight line along a level 
surface, such as that of n jioik/S' The line thus projected 
does not lie parallel to the smface ; the latter recedes or 
curves away from it. and tlie curvature is such as corre- 
sponds to the surface of a splierical body. 

Were the earth a true sphere, the weight of a body 
would be the same at every part of its surface. There is 
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a lueasni'iXble difference, however/' and it is found that a 
given bod}' weighs a little more in polar tlian in equatorial 
latitudes, and from the careful experiuients based on tliis 
fact the amount of flattening at the poles has been deter- 
mined. 

The following are its dimensions : 

Polar diameter 7,901.5 miles 

Equatorial diameter 7,!»2(j.0 miles 

Circumference at equator 34,912 3 miles 

Surface (aiiproximate) 1!)7,000,000 S(iua.re miles 

What is the difl'erence between the polar and the equa- 
torial diameter? On a globe one foot in diameter the dif- 
ference would be wliat part of one inch ? C'onq)are the 
diameter of the earth with that of the sun (Table I., ^Iji- 
jicndix). Lai'ge as the earth seems to us, it woukl require 
about one and a quarter million bodies of its size to 
make a globe as large as the sun. 

Motions. — The earth has several distinct motions. It 
revolves about the common centre of gravit}' in an ellipti- 
cal path, making a complete journey in very nearly 3G5^ 
days — a period of time called a year. It also rotates, or 
spins on its axis. The time required to make a complete 
rotation is called a dnt/ and is commonly used as a unit for 
the measurement of short intervals of time. The poles of the 
earth also move or oscillate in a nearly circular path. The 
motion resembles that of the poles of a " sleei:)ing " top. 

The first motion combined with the inclination of the 
axis gives rise to the successive change of the seasons and 
the varying length of sunshine and darkuess. The second 
motion causes the succession of day and night ; it is "day" 
in all jjarts of the surface turned toward the sun and 
" night " on the opposite side. The third motion causes the 
phenomenon or movement commonly known as the pfc- 
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cc^s/mi (if flic C(/iiinii.r<'x. Tn Imii;' intervals nf tiuw it is 
tliought that this niotion is cDiinccti'd Avitli (.'I'l-taiii cliaii^cs 
of climate. It is a sulijeet, hcn\ever, that behmt^s to the 
seienci^ of astrouoniy, and not to ]>liYsi('al ,L;'eoL;ra|ili y. 

Effects of the Inclination of the Axis. — The axis of 
the eavth is not peipeiidienlar to tlie earth's path (called 
the /ihiii,' of llir vi'li jilic], lint iiudines about "l''V\ dei^rees, as 
shown in the accoin|ian^in^ H^nve. In Ioiil;' inter\als of 
time the annmnt of iin-lination vaiies. I'lacticall y, how- 
ever, the axis points always in tli(> same direction and 
therefore is said to bo jiarallel to its<'lf. The noi'thiaii end 
of the axis jirolonged A\()nld extend nearly in the direction 
of a star named Polaris ; this star is therefore often called 
the iiorf/i s/ar. 

If the earth's axis were pi>r]ieiidicnlar to the ]ila,iie of its 
orbit, each place would have the same mivaryiny season. 
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INCIINA'noN OF THI-. KARTn'S AXIS 



It wonkl l)e hot in (Hpiatorial regions, mild in mid-lati- 
tudes, and cold in jiolar regions, the intensity of heat in- 
creasing from the poh^s toward the equator. 
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Witli the axis inclined, however, the case is diflerent. 
Au inspection of the accompanying diagram shows that 
during the month of June the sun's ra)'s fall almost verti- 
cally on mid-latitude parts of the Northern Hemisphere, 
while in the corresponding latitudes of the Southern 
Hemisphere the rays are very oblique. At tliis season, 
therefore the Northern Hemisjjhere receives more liglit 
and more heat than the Southern. 

Six months later the conditions are reversed; the belt 
of vertical and nearly vertical rays is in the Southern Hem- 
isphere, while in the Northern, the rays of liglit and heat 
are very oblique. At this season, therefore, the Southern 
Hemisphere receives its greatest Avarmth. Thus, it is seen, 
the amount of light and warmth received by each hemi- 
sphere varies. In equatorial latitudes the difference is not 
great, but beyond the tropics, in higher latitudes, it is the 
difference between winter and summer. In polar latitudes 
the sun is shining the greater j^art of the time for six 
months alternately in each hemisphere, the other hemi- 
sphere being in darkness. As a result the season of siiu- 
shine, or summer, becomes opjn'essively hot at times, while 
the season of darkness, or winter, is intensely cold. 

The rotation or spinning of the earth on its axis causes 
the succession of day-light and darkness, or, popularly, 
" day" and " night." One-half the surface, being always 
toward the sun, is therefore illuminated, while the opposite 
side is in darkness. The rotation of the earth, however, 
presents every part successively toward the sun, lighting 
all parts in turn. Were the axis of the earth perpendicu- 
lar to the direction of the light-rays, day and night would 
be of equal duration in all parts of the earth's surface ; but 
on account of its inclination, the relative length varies, not 
only in different latitudes, but with the changes of the 
seasons in the same latitude. 
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rilVSK'AL (iKOCRAPIIY 



In the toiiii-l zone the period of Jajliglit and darkness 
does not Yary nuieli from tweh e lionrs each, and at the 
eqriator each is twehe hnnrs h_>n.!j; throngh the year. In the 
temperate zones the days are hnigest near the ]U)hrr circles 
and shortest near the tropics, varying from tliirteen to 
twenty-fonr hours, "\^'itllin tlie frigid zone day and niglit 
correspond practically to sunjiner and winter. There, both 
the day and the night vary from a, few l>rief moments 

to six months in length. 
The relative length of 
daylight and darkness and 
the changes of the sea- 
sons have nuieh to do with 
the subject of ])hysiogra- 
phy. For their vitality 
almost all the forms of 
life depend not <inly on 
the presence of stndight, 
but on the time and man- 
ner' of distribution as well. 
Onljr a very few species 
of animals and plants 
thrive in regions of hnig- 
continued darkness, and 
they are mainly the lower 
forms; the higher species reijuire an environment in wliich 
light and darkness follow one after the other in periods of 
short duration. AVith few exceptions, plants fail to mature 
and fructify unless exposed to strong light, and many spe- 
cies will not live at all. Plants that are forced into blos- 
som in darkened rooms have usually pale or white tlowers, 
and the leaves of growing plants are apt to be yellow 
instead of green. 




RELATIVE LENGTH OF DAY AND NIGHT 

The ibadcJ p.i,l o/' r.u-b p,ir,ill,-l ^hou-< Ihc l,;:flh 
of ihc nii:ht: the m/^h.uh-J p<nt. {he pi opoi iie)i- 
ale length oh the J.w. 
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QUESTIONS AND EXERCISES.— Make a circle one inch in diam- 
eter on the blackboard, and from the centre of this circle, with a ra- 
dius fifty-five inches long, draw as much of the arc of a circle as the 
size of the blackboard will permit. The two circles represent the 
relative size of the earth and the sun. 

In the diagram, p. 14, the axis of the earth is inclined 23^ degrees 
from the dotted line ; which of these positions represents summer 
in the Northern Hemisphere ? — In the Southern ? Copy the diagram, 
p. 16, and mark the point the sun's rays reach beyond the north 
pole ; how many degrees from the pole to this point ? What circle 
passes through this point ? Mark the point on the circumference 
where the rays are vertical. What circle passes through this point ? 
From each pole to the equator the angular distance is ninety degrees : 
find the distance in degrees from the Arctic Circle to the Tropic of 
Cancer ; this distance is the width of the Temperate Zone. If the in- 
clination of axis were 28 degrees, what would be the width of each 
light-zone ? If 32 degrees ? Ninety degrees less twice the angle of in- 
clination equals the width of the Temperate Zone. 

In the diagram, p. 16, the proportionate length of the longest day and 
shortest night are shown by the shading : determine by measurement 
the length of the longest day in latitude 40' ; in latitude 6o\ Sub- 
dimde the parallel into tmienty-four parts by hal-ving it three times and 
di'viding the last subdi-visions each into three parts ; each of the smallest 
subdi'visions has practically an hour 'value. 

COLLATERAL READOG AND REFERENCE. 

Mill.— Realm of Nature, pp. 03-kI. 

Redway.— Manual of (TeoyTaphy, [)p. 04-78. 

Howe. — Elements of Astronomy. Pi-oblems, a-g, p. 83. 

Jackson. — Astronomical (ieography. 

NOTES 

' The asteroids move in orbits in the space I)etween Mars and 
Jupiter. Many of them do not exceed twenty or thirty miles in 
diameter, and the largest probaljly does not exceed live hundred 
miles. Their combined volume is less than one four-thousandth 
part of tlie mass of the earth. Eros, one of the recently discov- 
ered asteroids, has an orbit so eccentric that it crosses that of 
Mars, and at times is nearer to the earth than is Mars. 
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^ But little is l^iiDWH about tlic nature and strnetnre of 
comets, l)ut it is tlionu'lit that the cliief part of theii- masses, in 
most instances, is n-aseous matter. One comet, 'I'enipel's, un- 
donl)tedly consists of a vast swarm of meteors, hnt it is pi'obaljje 
, tliat the various comets are dilferently constituted. Several of 
them belong;- to the solar system, liut many are temporary visitors, 
comiuf; from unknown re^^-ions of spare, whirling around the sun 
and again vanishing. 

^ Meteors, or shooting stars, are small bodies that seem to ex- 
ist verj' generally throughout space. Jn a few instances they are 
seen in clusters, as in the case of Tempel's comet. The earth, 
and probably the othi'r planets, encountei' siiany thousands of 
them daily, in s\veei)ing through sfiace. By far the greater num- 
ber on reaching the earth's atmosphere are heated to whiteness — 
partly by comi)ression of the atmosphere in front of it, and 
partly by friction against it — and are dissipated as Avhite-hot 
vapor. Some of the larger ones reach the earth, and many of 
the.se have been analyzed. Some consist nudnly of iron and 
nickel in a metallic^ form ; others are composed of ujatter not 
differing materially from lavas. No element has yet l)een found 
in a meteor that does not occur iji the earth, but in a few in- 
stances chemical compounds, of ir-on, nickel, and pliosjihorus, 
and certain crystalline forms, iiave lieen foinid in meteors that 
have never been met witli naturally in ten-estri.al sulistam-es. In 
one instance gidd, in another diaujonds, were found in a mete- 
orite. 

■* So far as is known, matter exists in tlu-ee physical forms- 
solid, liquid, and gaseous — and nearly every chenncal element 
and many of their compcumds may .assume e.acli lorm. In the 
solid form the molecides are liouiid by a strong cohesion ; in the 
liquid form they arc ^ very slightly cohesive ; in the gaseous form 
they strongly repel one another, ftlost of the substances that in 
the earth are solids, in tlu^ sun exist as white-hot vajioi-s. 

^ An interesting experiment is suggested ))>■ Professor Edw;ird 
•Jackson (Astronomic;il ( ieogr.-q.liy, p. :'>). Tlnve st,ak<'s .are in 
line, or as nearly in line as is pi-.-ict icable, one mile ap.irt, along 
the shore of a canal or .-i, pond. On these, sighting ni;irks ai-e made 
at a unifoDu distance above water-level. An engineer's level is 
then placed so that the cross-wires cut thi^ sighting marks of the 
first and third stakes. II the telescope of tlu^ level be turned 
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upon the middle stake it will Ije found that the eross-wh-es cut 
the stake at a point eight inches Ijelow the sighting mark. 





EXPERIMENT TO SHOW THE EARTH'S CURVATURE. 

^It is by measurements depending on this principle that the 
exact shape of the earth has been ascertained. A pendulum of 
absolute uniform length, weighted by a cannon-Vjall Aveighing 
about one hundred pounds, is allowed to oscillate freely. When 
all errors are corrected the rate of vibration will be the same at 
all points of the earth's surface equally distant from the centre. At 
any part nearer the centre, as the poles, the rate of vibration is 
slightly faster ; at any place more remote they will Ije slower. The 
United States Coast and Geodetic Survey has carried on a series of 
pendulum observations covering a period of many years witli the 
results noted on p. 12. Professor Ferrel had shown that, theo- 
retically, the level of the sea between the 20th and 37th parallels 
is about thirteen metres (40 ft.) higher than it would be if the 
earth were a true spheroid. 

' Any change in the inclination of the earth's axis would have 
the effect of producing decided changes of climate. For instance, 
if the inclination were increased, the limits of the frigid zones 
would be i3ushed farther toward the equator. That is, if the in- 
clination of the axis were forty degrees instead of twenty-three 
and one-half, the polar circles would each be forty degrees from 
the poles, and the tropics would be each forty degrees from the 
equator. 



CHAPTER II 

THE STRUCTrRE (>F THE EARTH 

In the ]oug iierioJ of time that lias elapsed since the 
earth Avas glowiu<^ Avith intense heat, the substances com- 
2:>osing it seem to have adjusted themselves in accordance 
with the laws of gravita,ti(.)n ' — that is, the heaviest kinds of 




iDFAi. si;i;ti()N through tiii; i:arth 

The Ibuiiiu-^-. ol' Ihr ■v.uioin ,-irvrlfp,< i\ f:,,;,lh' .InloiU-d. 

matter are neai'cst the centre. Structurallv the earth I'on- 
sists of a dense anil prat-tically solid globe, the HthnKjihcre, 
nearly covered with a comparatively thin laver of Mater 
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the Jii/dro.yihe/'e or water envelope, the whole surrounded 
by an envelope of gaseous matter, the atiiKisplicrr. 

The shape of the lithosphere and the condition of the 
substances composing it, all go to show that in times past it 
was intensely heated, and that much of the rock composing 
it has been in a molten condition. The globular form is 
the only one that would naturally result from the action of 
gravitatiou on a plastic or H aid body; and the llattening 
at the poles is most reasonably explained by the supp)Osi- 
tiou of a rotation on its axis while it was still plastic. 

The density of the lithosphere, together with the waters, 
is about that of iron ore • — that is, bulk for bulk, it is about 
five and one-half times as heavy as water. At the sui-face, 
however, the density of the rocks is not much more than 
half as great ; it is certain, therefore, that the substances 
forming the interior are much heavier than those occur- 
ring at the surface. 

The Rock Envelope. — The outer part of the litho- 
sphere is a shell of more or less friable material called the 
rod; envelope, ov, popularly, the "crust of the earth." It 
surrounds an intensely heated interior.-^ The rock enve- 
lope itself has lost so much of the heat it once had that it 
is comparatively cold ; the amoimt of heat it radiates is 
about ec[ual to that which it receives from the sun. 

That the interior of the lithosphere is very hot, however, 
cannot be doubted ; for in every place where the rock en- 
velope has been penetrated by deep borings, a constant 
increase of temperature is observed — the greater the depth 
the higher the temperature.^ The thickness of the rock en- 
velope is not known, but at a depth of less than forty miles 
it is thought that the temperature is high enough to fuse 
the most refractory substances. The broken folds of the 
outer surface have revealed something of its character to 
the depth of several miles. Borings have been made to a 
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depth of a little more than a mile (Table II., Jj'j'ciidLv), 
but beyoiul the slight knowledge obtained from these, 
nothing positive is kno\^ii about its interior. 

The Water Envelope.— Ab. nit fonr-fifths of the snr- 
face of the rock envelope is covered by a co)nparatively 
thin layer of water, the hydrosphere. The water not only 
exists iu a free state, at the surface, but in chemical com- 
bination it is a constituent of various kinds of rock^ that 
occur at or near the surface. 

The waters of the earth form a most important constitu- 
ent so far as life is concerned. Water is an essential ele- 
ment to the existence of life ; for not only does it form the 
greater part of every plant or animal, but it is also the 
chief vehicle by which nutrition is distributed throughout 
the varittus parts of the body of the animal or the plant. 
Within a range of a very few degrees of temperature, water 
exists in one or another of three forms — a solid, ice ; a 
liquid, water ; and an invisible vapor, often called "steam." 
AVater in one or the other of its forms is the agent by 
which, more than any other, the surface of the rock enve- 
lope has been sculptured ; therefore it has a very impor- 
tant part in the science of physiography. 

The Atmosphere. — The atmosphere consists of a mixt- 
ure of gaseous substances — namely: nitrogen, oxygen, 
water vapo-r, and carbon dioxide. Of these oxygen is the 
substance required in the breathing of animals ; carbon 
dioxide, the gas formed when coal or carbon "burns," is 
essential in the breathing of ]ilauts ; nitrogen forms a part 
of the bodj' structure iu ln»th animals and plants ; and 
water vapor is the form in which the fresh water is carried 
from the sea to the land. The atmosphere, therefore, is 
just as essential to life as the water envelope. 

The thickness of the atmosjdieric envelope is not known. 
Various estimates place it between one hundred and two 
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lii^ndred miles. At the latter estimate, on a globe one 3'ard 
in diameter, the depth of the atmosphere in proportion 
would be about one-half an inch." Illustrate by diagram. 

Keeping Nature's Balance. — The three envelopes are 
constantly acting and reacting upon each other, and at the 
same time each has certain movements of its own. The 
movements of the rock envelope have changed the level of 
its surface so that the waters are divided from the laud, and 
the surface of the land has been wrinkled, crumpled, and 
folded so as to form the plateaus, ranges, and valleys. The 
heat of the sun causes a part of the ocean waters to take 
the form of vapor, and the latter, mingled with the air, 
flows over the land. Being chilled, the vapor again takes 
the form of rain, or of snow, and falling on the land wears 
away its surface. The water gathers into channels and, 
carrj'ing the mingled particles of rock waste in its flood, 
flows back to the sea and there deposits them. 

And so the cycle of change ever goes on. At the plane 
where the atmosphere rests upon the land and the sea the 
physiographic processes that modify the earth's surface are 
ever in action. 

Vertical Movements of the Rock Envelope. — The 
changes in the surface of the rock envelope that are most 
noticeable are the wearing away of the land and the trans- 
portation of the rock waste to lower levels. That is, 
water falling as rain loosens jjarticles of rock, while 
streams carry it seaward. If the land were everywhere 
level, the run-oft' of water could wear away but little of it ; 
but vertical movements of the surface that are apparent 
only after long intervals of time are taking place, and 
these, making new slopes, have given the run-oft' waters 
increased wearing power. 

Movements of the rock envelope in times past have di- 
versified its surface with highlands and lowlands, moun- 
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tains and valleys, and similar movements are going on at 
the present time. Probably no part of the earth is free 
from them, but they are most cleai-ly oljserved along sea- 
shores. Thus, the coast of New Jersey is sinking; "and 




AN UPLIFTRO COAST— SAN I'KDRO, r.A 



From <7 iin-Vfy made h\' Moick RcVNohU, If. T l.'r \ii:<-r^iivr/y /'ormfd ^r.Jt-/'r5 are shown 
In- Iht s/rala of !/.,•//< aihl J.I;/,/. 

SO also is nmcli of the coast around the Gulf of Mexico, the 
Zuyder Zee, and the delta of the Ganges-Brahmaputra. 
The coast of the New England Plateau has subsided until 
the sea has flooded the coast plain and the lower valleys, 
and has Ijuried most of the old river mouths. The multi- 
tude of bays and fjords that characterize this coast are 
examples of "drowned" valleys. On the other hand, 
parts of the Mediterranean basin, of the California coast,^ 
the .Scandinavian peninsula, and the basin of Great Salt 
Lake are rising. 

In nearly every instance in areas to which extensive 
sediments are being carried there is evidence of sinking ; 
while, as a rule, areas that are being denuded are rising. 
It is evident, therefore, that vertical movements of the 
rock envelope — that is, uplift and sul)sidenc(. — are defin- 
itely connected with th(.» wasting of the land and the trans- 
fer of sediment. 

The ca,use or causes of these earth movements are not 
known, but it is belie\'ed that the gradual contraction of 
the rock envelope to fit itself around a more rapidly shrink- 
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ing interior is the chief cause. There is evidence, too, that 
gravitation is a factor. Tlie removal of great amounts of 
roclc 'svaste — often many cubic miles in volume — from one 
locality to another, relieves weight at one ]iLice and in- 
creases it at the other.'' Therefore it is inferred that a 
sinking, because of the increased load, occurs at the latter 
place, and an uplift at the former, on account of the less- 
ened weight. 

The eti'ects of these earth movements are very far-reach- 
ing. The great highland regions of the earth, ■oith their 
ridges and f^ilds, arc jirobably direct results, and it is not 
improbable that the uplift of the continents themselves 
was also due to them. 






gje^^ ~^^' 




IGXEOUS ROCK : A FLOW OF LAVA 



Rock and Its Formation. — To almost every mineral 
substance that forms a part of the earth, the term rorJ: is 
applied. Thus, clay, sand, gravel, limestone, quartz, gran- 
ite, lava, and even the fine, A^■iud-blo■^vn rock -waste, are 
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each called rock ; and so also is a combination or anj^ mixt- 
ure of them. In man}' instances there is no doiibt at all 
how the rock has l^eon formed, or ■whether it has lieen al- 
tered or not, because the whole process of its formation 
has been carried on in plain sight. Thus, when a volcano 
or a tissnre ^'ours out a flood of molten lava there is no 
question about how the rock got into place, or whence it 
came. The lava, when it has hardened, may be glassy, or 
metallic in apj:)earance, or it may be like cinder or furnace 
slag ; but there are always qualities about it that deter- 
mine its origin. 

Bej'ond a depth of a few thousand feet from the surface, 
nothing jjositive is known about the substances of which 
the rock envelope is composed. It is certain, however, 
that most of the rock now at the surface consists of sedi- 
ments carried into place b}' running water and deposited 
in the form of layers or strata that afterward hardened into 
compact rock. But these sediments must have come from 
somewhere, and there is but one place from which they 
could be derived — namely, from the rock envelope itself. 

Now, no one knows what the prihiUice or first rock that 
formed the crust of the earth may have been, but certain 
kinds of rock have been found underlying the water-formed 
sediments from which the latter seem to be derived. Or- 
dinary granite is an example of this kind of rock, and 
granitic rocks are very abundant. There are various 
kinds of granite, but the most common varieties contain 
minerals of which nearly all the elementary rocks them- 
selves are composed. 

One of these minerals is silica, of which quartz and sea 
sand are the best examples. Another i^ felspar, a mineral 
which, decomposed, yields clay, potash, lime, and soda. 
Another mineral is /innihlciKfe, Avhich decomposes mainlv 
into iron, lime, and silica. Still another constituent usually 
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present is )nie((., popularly called " isinglass ; " like felspar 
it also docouiposes into clay, silica, lime, and a number of 
other substances. 

EXERCISE.— Procure one or more specimens of granite," and with 
the aid of a magnifying-glass observe the following directions. Look 
for small clusters of foliated or " leafy " mineral ; it may be whitish 
or, perhaps, green or brown ; this mineral is mica. If no mica is 
found, look for jet black crystals or masses ; this is hornblende ; it is 
usually opaque, but sometimes translucent. Find the white, trans- 
lucent mineral with glassy lustre ; it is quartz, or silica, and it is apt 
to form the chief bulk of the rock. Look also for an opaque mineral 
varying from yellowish-white to pink in color ; possibly it will break 
into fragments having flat sides, or cleavage planes; this mineral is 
felspar ; it has different crystalline forms accordingly as it contains 
lime, potash, or soda. 

Igneous Rocks. — There are certain surface rocks that 
have cooled from a molten condition, and of these the 
lavas of volcanoes, though not the most abundant, are per- 
haps the best known. The Hawaiian Islands are mainly 
great piles or domes of lava, and this kind of rock is com- 
mon in most motmtainous regions. In many instances the 
molten rock has been ejected from long lissures and has 
cooled slowly ; in this form it is usually known as basalt, 
or, if it breaks into regular blocks, traji. The Palisades of 
the Hudson, Fingal's Cave, and the Giant's Causeway are 
examples. 

All the foregoing are commonly called vvhmtif or iijne- 
ous rocks ; consult a good dictionary and learn wlij^ these 
names are applied. Igneous rocks are usually found in 
mountainous regions, or in localities from which the sedi- 
mentarjr rock has been removed. Granite rocks prevail in 
the New England Plateau ; igneous rocks are abundant in 
the Western Highlands. 

Sedimentary Rocks. — Although the sedimentary rocks 
that prevail in such a great extent of the land are derived 
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from the granitic aud other vulcanic rocks, there is nothing 
about them to indicate their close relation to the latter. 
The making of tirni rock out of loose sediments is a some- 
what complex process. Let us follow the formation of 
sandstone. In the first place the grains of quartz are 
rounded, and in the second place thej' are uniform in size. 
The rock from which they came, probably granite, has 
crumbled, aud water has sorted the various minerals from 
one another. The waves, beatiug the fragments of quartz 
and rubbing them against one another, have not only 
rounded the grains, but they have also sorted them ac- 
cording to size, and piled them in a nearly flat layer. 
True sand, therefore, is nearly ab\'ays a formation of beaches 
or of water in motion. 

In time the beach is lifted up above seadevel and cov- 
ered deep with vegetable remains mixed with loam. Water, 
in one form or another, flows over or stands upon the 
surface ; and if the water contains lime in solution it will 
leach through the layer of sand and cement the grains, 
forming saiulstone. 

In most instances, clay banks are derived from granitic 
aud similar rocks. Felspar decomposes into clay, and the 
latter, being yerj light and tine, is carried ott' by the water, 
settling hj itself, wdiile the heavier materials remain. In 
man}' instances the clay is spread over large areas. Pos- 
sibly it remains in the stiff, pasty form by which it is 
connuonly known ; more likely pressure, heat, and moistirre, 
acting together, convert it into .slatc. 

It is not difKcult to understand how rivers and other 
running wati'rs arc active workers in making rock, because 
one can almostalways find clay-banks, gravel-beds, and other 
sediments that have l)een brouglit down stream and dis- 
tributed by the water." It is not so easy to understand 
how rocks are found at the bottom of the sea; as a matter 
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SEDIMENTARY ROCK, NEAR OLEAN, N. Y. 

The face of the clijf h one side of a channel of the river. 



of fact, however, probablv more sedimentary rock lias been 
formed in ocean and lake beds tlaan in aur other places. 
In very many instances these rocks are largely comjiosed 
of the remains of animals so small that several thonsand of 
them together would not be so large as the head of a pin. 

The sea, especiall_y in regions of warm water, contains 
many thousand species of such animals : moreover they 
multiply with great rapidity. But the animals are short- 
lived, and as soon as they die their bodies sink to the 
bottom. The mineral remains of these organisms consist 
mainly of lime or silica, and in time the thick layer that 
accumulates finally becomes cemented into rock. The 
growth of rock in this way is slow, it is true, but time alone 
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is roqnii-cJ to m:\Vc siu'U layers of mtv ovoat tliickiioss. 
The chalk elitl's of Eiiglaiul aiul FraiK-c \v(>vo foniu'J in this 
maimer, and they agoreLjate nearly half a mile in thiekness. 
The limestones of the Mississippi Valley also aei'umnlateil 
on sea-bottoms ami have about the saiut" tliiekness. 

Metamorphic Rocks. — There are many instances in 
which the character of sedimentary rocks has been sub- 
sequently changed. Thus, bv pressure and lieat in the 
presence of moisture, beds of v\a\ have been transformed 
into layers of gritty slate: chalk and linu^stone ha\e be- 
come crystalline marble ; and bitnminous coal has become 
anthracite. Certain kinds of granitic rock, especially 
gneiss or " stratified granite," are metamorphic. Older 
granitic rock has crumbled, and the rock waste has been 
cemented into firm rock again with but little alteration. 

One might infer, therefore, that the older and eb^eper 
stratified rocks would be thus changed.'-' This is usually 
the case. The weight of the overlying rock produces im- 
mense pressure, and the changes restilting from the moist- 
ure within them gi'eatly alter their apjiearance. Many of 
the older rocks, indeed, are much like igneous rot'k in aji- 
piearance. llocks that form a jiarfc of mountain folds are 
apt to be metanun'phic on account of the pressm-e that 
results from the folding and crumpling. 

EXERCISE.— Procure specimens of clay and slate, chalk (not crayon) 
and marble, bituminous (soft) coal and anthracite. Examine each pair 
with refrrence to hardness, foliation, crystalline appearance, and den- 
sity (weight of pieces of equal size). Make a list of the rocks occurring 
in the neighborhood in which you live, and classify them as igneous, 
sedimentary, or metamorphic. 

Order of the Strata. — iNFost of the sedimentary rocks 
were deposited in horizontal layers, but, on account of the 
vertical movements of the rock envelope, they are ofteu 
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found in obli(|ne positions. Sometimes they occnr in gen- 
tle folds ; but in mountainous regions tlity are much 
crumpled and broken. In some of the old sea-beds now 
raised above the surface the strata are undisturbed. 




SEDIMENTARY ROCK : SECTION THROUGH THE CANON OF THE COLO- 
RADO RIVER 

The level of lllL- slnUa lj.7s not been disliirbej. 

It is by studj'ing the upturned edges of broken and tilt- 
ed strata that the story of the earth has been read. Each 
stratum is a chapter by itself, and to read the history prop- 
erly it is best to begin with the lowest. It is not alwaj^s 
easy to tell the relative position of strata at some distance 
from one another, but as each stratum has fossils, or ani- 
mal remains peculiar to itself, the position is usually de- 
termined by the kind and character of these. 




SEDIMENTARY ROCK : TILTED STRATA 

The total thickness of the stratified rocks is estimated 
at upward of twenty miles. There is no locality known, 
and none exists, in which all the various strata are found — 
no locality is known in which even any considerable num- 
ber occur. Not infrequently very old rocks are overlaid 
bj- those of the most recent formations ; all the intermedi- 
ate strata are missing.''^ 

To the lowest strata, that do not differ much from the 
granitic rocks and possibly include some of them, the name 
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Arrhcran" is given. Tlicy seem to be the fouiKlatiou of 
the coutiiieuts mu\ tlie tloor of the oeeiius. Tlie decay 
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f these has 
^ foruieil the material of whieli 
nearly all the sedimentary rock 
is e()nii)ose(l. " Tlic irastv of the 
iiltl land /s ilie iimteriid of the 
iicir." 

The remaining strata are 
named in aecordauce with the 
* character of the life forms that 
"^ existed when the roeks that 
\ compose them were undergoing 
formation. Upon the Arehiican, 
rest the rocks of the I'dld-nzoic^ 
era — the age of the earliest life 
forms. Then follow the roeks 
CANON OF THE COLORADO RIVER ^f ^.j^^ Mesozoic, or middle-Ufe 

The lilt.-J ili.it.i. anaiN.illr horij.vi/.il. J.1 /"Y • t 

were deposited oil Ike inrf.ie,- or iiH- evo, ', thc Gc?/o?.7«c, Or era ot le- 

i^neou$ roek. Snb^equcullv Ibe upper j i ■ i- 1 1 i. r 11 11 

(avers were deposited oa'ihe bioken Cent llie ; and, UVSt OI all, tlie 

surfeiec of Ike tilled layers. „ 

era ot man. 

Archaean Era. — In Arch;ean times North America con- 
sisted mainly of a narrow, V-shaped strip of land sonth of 
Hudson Bay. The crests of the Appalachian Mountains 
were just above the sea level ; the Black Hills and one or 
two peaks of the Rocky Mountains had also just emerged. 
The general form of the American contimmt was outlined 
in Archiiean timcis. With the possible excejition of a few 
species resembling tlie sponge, no forms of life are found 
in Arcluoan rocks. {See iUiiKtratiuu, p. 84.) 

Palaeozoic Era. — The Pakieozoic era was of very long 
duration. The sediments com]iosing it are 25,000 feet 
thick in ])laces. The gri'atcu- part of Europe and North 
America were above sea level during this period, but the 
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land was many times 
uplieavecl and sub- 
merged. In North 
America the greater 
part of the Mississip- 
pi Yalley was a shal- 
low inland sea, that 
later became an im- 
mense marsh. 

In the variety and 
extent of life forms 
the Palffiozoic era is 
the most noteworthy 
of all the geological 
periods. It began 
with the lowest form 
of sponges and closed 
with the advent of 
mammoth reptiles. 
Dnring this period an- 
imals with backbones 
appeared for the first 
time. Insects were 
nnmeroiis, and toward 
the close reptiles ex- 
isted. Fishes and 
mollusks seem to have 
been the prevailing 
forms. 

The climate was 
warm and moist. The 
vast accumulations of 
vegetable matter that 
are now the coal fields 
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woro rouiul ill s\vaiiii)s of iliis .-i^f." In Noitli Aincricii 
tlu'so s\v;iini)s c.ovcnHl mucJi of llic ■.wvn ilini is now ilii) 
ciuitrul United Stoics. 

Mesozoic Era.— Diiriii;^- tlio Mrso/oic <'ia lioUi North 
Ainoric.a, uiid J''jUI-o|>(> IkkI ^fowii to aJioiit tlirir ])r('S(']it 
slKipc. In tli(^ foriiicr divisi^ai tlio (iulf of IM('xi(-o )-c;ic1i(mI 
as fur north ;is the mouth of the Ohio, .-iihI u noith- 
. , , -western In'.'incli ol it ox- 



''!!l^'V\ 



r--T\ V *\>-? VX'- ■■.,'^,- X ^ 
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temh'd ne;irly to the .lOth 
p;u-;illel. Ill 1<jUI'o]I(^ ;dl 
the |)rinci|i,'d iiioiint-aiii 
|-;iiiL;es '" ;ind the Iii^liei- 
e!<'.v;i,l ions of l:iiid most 
]iroh;il)h' Ii;mI heen raised 
])ermaneiitiy ;d)oV(^ sea- 
hnel. 

It was an a|;o of L;ifi;aii- 
tic re))tiles. The animals 
of some species \\vn\ ficjiii 
sixty to eit;lity feet in 
le.iiL;lh. l''or tlie first time 
birds aiiiieared. TlK^y 

NORTH AMKKICA IN AK(;iL1;AN TIMKS , ,., 

. , were \'ery much nke reii- 

r/v .fb,i,l,;l a/,;i ihorr: llie p,ul i<l III,- rctiliunil ^ ■' ' 

"'"'■"''' ^'■"■'"''■' tiles, lioW(!\('r, and in 

some specifis tliey had, instead of lioiiiy liea,l<s, lieavy jaws 
witli socl<et teetli. 

Cenozoic Era. — This era, was larL;-ely one of iijilift and 
moiintaiii-nialciiiL;', altlioni^h liotli in North America and 
l'liiro]ie th(^ various ra.ii^ijes and systems liad received th'fi- 
iiit(^ forms. Tlie I'ormer Avas a, continent of vast fnvsh-Wiitcr 
lalies ; the lait(^r of inla,iid S(5a.s. 

Most of the life forms that tlourished in preceding:; -.v^vs 
wer<5 common, lint oni^ ^rt^at stt^p in advance ina)li(^ noted 
— the a.]ipearanc(.! of maminals. Their j^enera included 
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the elepliaut, camel,'' rhinoceros, wolf, deer, and horse.'' 
There was a considerable advance in plant-life, and the 
forest trees both of Xorth 
America and Em'ope in- 
cluded most of the spe- 
cies found to-day. 

Quaternary Age. — 
The abrupt close of the 
Cenozoic era was prob- 
ably -due to an elevation 
of a large part of Xorth 
America and Europe from 
1.000 to 2,000 feet, and a 
decided lowering of tem- 
perature. The ice and 
snow of the north polar 
regions crept southward 
^intil it enveloped nearly 
all of Eui-ope and the 
greater part of the United 

States. This accession of ice is commonly kmiwn as the 
gJacinJ epocJi. It is marked on a stupendous scale liy a 
movement of drift similar to that which marks the gla- 
ciers of the present time. 

The changes of the Quaternary age were disastrous to 
life. In the area covered by glacial ice most of the spe- 
cies of larger mammals jierished. The cave bear, horse, 
wolf, and reindeer sur'^ived. Many species of plants ^nere 
destroyed, but many escajied. 

That man existed before the close of the glacial epoch 
seems certain. In the caverns of Belgium. Germany, and 
Italy the bones of man have been foimd in caves along 
with the skeletons of animals and various implements of 
the chase. From the few scraps of un^Titten history it 
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seems that primitive man was a savage of the lowest type. 
He hved in caves ami obtained his food by hiuitiuf; and 
tishing. He did not cnltivate the soil nor did he have any 




THE UNITED STATES AT THE liE(";iNNING OE THE Ql'ATERNARY AGE 

Thi- s/.hiJ,;l ,in;i s/ii)!('i //'.' ptirf ,jJJ,-J in rccriil lima. 

domestic animals. He had learned the nse of fire, how- 
ever, and from that moment las intellectual develojnnent 
was a question of time cndy. 

QUESTIONS AND EXERCISES —A mixture of iron filings, sand, 
and meal is gently shaken in a glass : what position will the compo- 
nents take when they come to rest ? Explain why. 

It is sometimes assumed that the rock envelope is about forty miles, 
and the atmosphere about two hundred miles, in thickness. Construct 
a diagram on the blackboard or on paper, showing the relative thick- 
ness of each on scale in the ratio of 4000 : 40 : 200. 

Obtain specimens of iron ore, marble, and dry clay, and compare 
the weight of pieces of the same size. If possible find the specific 
gravity of each. Determine, or judge by " hefting," the relative weight 
of the various kinds of rock in the neighborhood in which you live. 

Note and describe any instances within your personal knowledge of 
the action of water on the rock envelope ; explain the nature of the 
changes and how they have been brought about. 

Study the various rock formations in the neighborhood in which you 
live and classify them according to their origin— that is, as sediment- 
ary or igneous. 

Make a collection of them for future use. 
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A stream flows over a bed of limestone rock that is slightly soluble, 
into a lake without an outlet ; what changes in the formation of 
rock are likely to occur ? Will the rock formed be stratified or un- 
stratified ? In what way may it become fossiliferous ? 

From the official State reports find the order and distribution of rock 
strata in the State in which you live, and from the information given 
construct a geological map. 
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Le Costk. — Elements of Geology, pp. 137-i:j3. 
Mill.— Realm of Nature, pp. 311-330, 349-301. 
Shaler. — First Book of Geology, pp. 107-134. 



NOTES 

' That is, the substances speei fically heaviest are nearest, and 
the lightest are farthest, from the centre. 

' Iron and its eomi^ounds form one of tire most abundant con- 
stituents of the earth, and it is likewise one of the most abundant 
substances of the sun and of some of the fixed stars. All the me- 
teorites that have landed on the earth contain it, and in most of 
them it is the chief element present. 

^ It must not be inferred from this, however, that the heated in- 
terior is in a liquid condition ; on the contrary, the earth be- 
haves like a solid but somewhat elastic body. The melting or 
fusing of a substance depends not on temperature alone, but on 
pressure as well. With increase of pressure, the temperature of 
fusion is also raised ; and the great weight of the overlying rock 
may possibly produce a pressure great enough to prevent lique- 
faction. 

' The increase varies not only in different localities, but in dif- 
ferent kinds of rock, the average being one degree for each sixty 
or seventy feet. In a certain boring in Upper Silesia, 6,700 feet 
deep, there is a slight decrease in the ratio, but a marked in- 
crease in the actual temperature at the greater depths. 

' The crystalline form of many rocks is due to the water they 
contain in chemical combination, and there are but few rocks of 
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wliieh water does not form a considerable part. It is by no means 
impossible that the waters of the eartli, in time, may be absorbed 
in this way, disappearing as free water, to reajjpear in chemical 
comljination. 

" About one-fifth of the atmosphere consists of free oxygen, an 
element that forms also about one-half the weight of the earth's 
crust, so far as can be estimated. In time, possibly, all the free 
oxygen will be absorbed, entering into chemical combination with 
other substances. 

' In most instances the rate of sinking is about equal to the 
depth of the layer of sediment annually spread over the surface. 
The amount of sediment carried into the Gulf of Mexico is enor- 
mous, but it does not apparently raise the level to any great ex- 
tent ; few parts of the made-land surrounding the gulf are more 
than ten or fifteen feet above sea-level. 

" At San Pedro, California, the upward movement has been un- 
usually rapid. Several layers of shells mixed with sand are found 
one above another, at heights varying from five to fifteen feet or 
more. The shells belong to species some of which are not now 
extinct, and most of them have been preserved in their natural 
state. The highest beach is nearly three hundred feet above sea- 
level. The various beaches are so slightly weathered that they 
seem scarcely altered. (See illustration, p. 24.) 

' According to this principle the rock envelope of the earth 
always maintains a state of balance, adjusting itself to the load 
it carries. It is readily illustrated by putting an ounce weight 
on an inflated toy balloon. The surface of the balloon is de- 
pressed by the weight, but if the latter be removed the surface 
again rises ; or if the weight be moved from one part of the bal- 
loon to another the surface at the one part rises while at the other 
it sinks. 

'" Normally, granite is a mixture of mica, felspar, and quartz. 
If it contains hornblende instead of mica it is called syenite ; if 
both mica and hornblende are present it is syenitic granite. If 
the felspar contains soda the granite is cliorite. If the rock 
shows layers it is then called gneiss. 

" An interesting example of rock-formation occurs at Sweyney 
Cliffs, Shropshire, England. A small stream of water pours over 
a red sandstone cliff, mainly in the form of a rapid. The water 
contains a considerable proportion of lime and magnesia ; and a 
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species of coarse moss grows freely in the saturated earth about 
the stream-bed. The mineral salts of the wj.iter are deposited co- 
piously on the moss, and little l)y little the latter, together with 
the other matter entangled, has become so completely incrusted 
that it forms a dyke about twenty feet wide. The dyke stands 
out, having built itself from the edge of the cliff a distance of ten 
feet or more. About three cubic yards are added each year. 

'-' Substances ordinarily insoluble in water are ciuickly changed 
when subjected to water under a high temperature. If a thick 
steel tube, filled with water and fragments of granite, be intensely 
heated for several hours, the larger part of the rock will be dis- 
solved. Hot alkaline water will also dissolve granitic rocks, the 
dissolved matter being ijrecipitated when the water cools. 

" Thus, the rocks of the Mississippi basin belong to a very old 
and remote geological period. They are overlaid by a thin cover 
of rock waste that belongs chiefly to the most recent period. 

"The word Archceaii means "the beginning"; Palceozoic is 
derived from two Greek words meaning " early life " ; Meaozoic, 
similarly, is "middle life"; and Cenozoic, "recent life." The 
Silurian age was named from "Silures, " a former name for the 
people of Wales; Demnian comes from "Devon," England; 
HuronUin, from "Huron"; and Laurentian from "St. Law- 
rence." All these names are derived from the localities in which 
the rocks were first studied. 

'^ Coal measures are not confined to the Carboniferous age ; they 
occur in all geological ages. Thus, the coal fields of the Pacific 
coast belong to the Tertiary age. Those of the Carboniferous 
age, however, are so vast in extent that they overshadow all 
other features. 

'° The uplift of the Pyrenees Mountains did not occur until 
nearly the end of Mesozoic times. 

" There were several species of camel during these times. It 
is interesting to note that this animal, now confined to the east- 
ern continent, was a native of the west. 

" The earliest species of horse had, instead of one, five toes. In 
subsequent times two of these gradually disappeared. The horse 
of modern geological times has but one toe, but the " splint 
bones ' ' just above the hoof are the toes of the Quaternary horse. 



CHAPTEK III 

LAND AND WATER, AND THEIR OUTLINES 



OCEANIC AREA 



C ONTl NE MTAt. 
AREA 



The surface of tlie rock envelope is not smooth, nor is 
any considerable part of it perfectly level, as tlie word is 
commonlj' used. More than three-fourths of its surface is 
covered by the sea, but the remaining part consists of very 
irregular areas that are 
higher than the level of 
the water. The great 
body of water that covers 
so much of the rock en- 
velope is the sea ; ^ the 
areas above sea-level 
constitute the land. The 
lowest part of the rock 
envelope below sea-level 
— that is, the lowest part 
of the sea-bottom — is 

about five and one-half miles, and the highest point above 
it is just about the same distance. The average elevation 
of the laud is not far from 2,000 feet, but the average 
depth of the sea is about 2,000 fathoms. 

The land aggregates about 53,000,000 square miles. It 
clusters around the north pole, and from this circumpolar 
region it radiates toward Cape Horn, toward the Cape 
of Good Hope, and toward Tasmania. In which hemi- 
sphere is the greater part ? Which of the two temperate 
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zouos includes the greater area ? How many great laud 
masses, each surrounded Ijy water, are there ? The two 
largest masses ai-e divided nearly in twain, each at the 
central part,- and the smallest is separated by an arm of 
the sea which seems to have severed it from the largest. 
The three largest land masses are called andiiunifa ; "' the 
smaller ones islands. The line along which the laud and 
the sea meet is the shore ; the narrow strip of land next 
the shore, the aiast. 

The Continents. — The continents are so called on ac- 
count of certain features of their structure. Each one, for 
convenience, is divided into rjraiut (lirisioiiSj and the latter 
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RKI.ATIVE AREAS OF THE CONTINENTS AND GRAND DIVISIONS 

are also conveniently called coutiuents. In general, the 
continents have a high border on one side and a lower one 
on the opposite side. They are variously named, but they 
are usually styled the Eastern, or Asian ; the Westeru, or 
American ; and the Australian. The shore of a great 
body of land in the south circumpolar regions is known 
to exist, but practically nothing is kuown of its extent. 

In a previous chapter it has been noted that changes in 
elevation, especially along the shore, are taking place. 
The real extent of the continents, tlierefore, is not appar- 
ent ; in many places it comprises an area somewhat greater 
than the part above water. Each is surrounded by a 
margin, varying from a ft^w rods to one hundred miles or 
more, upon which the sea is comparatively shallow ; be- 
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yond this margin the surface slopes rather abruptly into 
deeiJ water. 

The submerged margin is very generally considered a 
part of the continent. The depth of water along its extent 
varies, and iu places the margin itself reaches above sea- 
level. The margin of each continent is more or less con- 
tinuous, and forms a high surface in comparison with the 
surrcniuding sea-bottom. It is usually called the coniinentid 
shcI/J The map on p. 45 shows lioth the highland and the 
lowland regions of each continent and also its sulnnerged 
shelf : facing what ocean are the highlands '? — tlie lowlands? 
Where is the continental shelf widest ? — on which side of 
North America has it the greatest width ? The highlands 
are represented by the area above the level of 2,UU0 feet : 
compare the extent of highlands and lowlands in each con- 
tinent ; in North America. Are the highlands continuous 
or broken ? Each one is a great plateau rimmed and trav- 
ersed by lofty mountains. About one-tifth of the Airstra- 
lian, two-fifths of the American, and three-fifths of the 
Asian continent are above the 2,000-foot contour. 

The altitude of the highest regions of the continents 
differs much. The greater elevations of North America 
are from one to one and a half miles above sea-level ; 
those of South America, about two miles ; and the highest 
parts of Asia are more than three miles above sea-level. 
The mountains that rim or surmount the highlands are 
much higher — in many instances aljoxit twice as high. 

The slopes toward the Arctic and Atlantic Oceans are 
long and gentle ; how does this fact compare with the 
slopes of the Pacific and Indian Oceans '? As a rule, the 
lowland regions are more nearly level than the highlands. 
On which side of the eastern continent are its principal 
lowlands ? On which side of the American continent are 
they situated? 
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The moan elevation of the hiiiil varies eonsiderably in 
tlie various continents. If tlieir surfaces were hovelled oti' 
Australia and Europe ■wcnild be not far from t)ne thousand 
feet high; North America and Africa about two thousand 
feet ; and Asia nearly three thousand feet. Africa would 
be probably a little higher, and South America not quite 
so high as North America. 

In a. few instances there are depressions in the land be- 
low seadevel. The surface of the Cas2)ian Sea is eighty-four 
feet below that of the Mediterranean ; the Dead Sea, situ- 
ated in a gash north of the Red Sea, is thirteen hundred feet 
below sea-level. There are two small depressions in North 
America, north of the Gulf of C'alif(n-nia ; and two or three 
in Africa, south of the Atlas Mountains. It is not unlikel_y 
that these were former arms of the se:i that were severed 

from the main body. 

Islands. —The islands 
have an aggregate area 
of al.Kiut three million 
scpiare miles, or about 
one-seventeenth of the 
entire land surface of the 
earth. TIjc majoritv of 
them are situated on the 
continental plati^au. and 
are at no great distance 
from the continents to 
which they belong. ^Many 
of them ari' ]>artly sub- 
merg(Hl rangt^s of nn)un- 
taius that ar(> ]iarallel to 
thi^ maritime ranges of 
th(> continent, or that ex- 
tend from it. Find two 
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such chains near the American continent, two near the 
Asian continent. Islands of tliis character are usually 
calleel contuiental islands ; and the reason is oljvioas. 

In a few instances, here and there, are islands far distant 
from any large body of land. There is no doubt about 
the origin of some of them ; they consist of the lava that 
has been ejected from volcanoes. In some instances these 
islands are solitarj', as Jan Maj'en and St. Helena ; in 
others they form a chain, as the Hawaiian group. 

In the Pacific Ocean there is a large area in which isl- 
ands are so numerous that they form the well-defined grand 
division Polynesia ; find the meaning of this word from 
the dictionary. These islands occur in quite regular chains 
that are roughly parallel in direction ; they are therefore 
thought to be the higher summits of submerged mountain- 
ranges. In some instances a volcanic peak is in sight, but 
for the greater part the position of each peak is marked 
by the reef of coral growth that encircles it. The islands 
themselves are popularly known as coral islands:' 

It has been inferred that the coral polyps began their 
growths on the slopes of the volcanic peaks, and that the 
latter gradually subsided until they were covered by the 
sea. But while the peak was slowly sinking the coral 
polyps steadilj^ built their reefs upward, keeping the top 
always even with the wash of the waves. This opinion, 
first made prominent by Darwin, is borne out by the fact 
that, while the coral polyp cannot live more than twenty 
fathoms below the surface of the sea, the reef's sometimes 
extend almost vertically to a depth of several hundred 
fathoms. 

A peculiar feature about many of these islands is their 
form. As a rule each consists of an irregular ring of reef 
matter, broken and tossed up by the waves, surrounding 
shallow water. The reef is called an atull ; the enclosed 



48 PHYSICAL GEOGEAPIIY 

water a lagoon. Usiially the atoll is broken iu one or more 
places, and in many instances the lagoons form good, har- 
bors. The reef is rarely more than a 
/;■::. '\, few feet high, and its vegetation is con- 

/ f-&' \ fined to a few species, mainly of palms. 

/ (1 u. \ The Sea. — The sea covers more 

/ i )i \ than half the northern and about 

I fV'^'-si'll \ seven-eighths of the southern liemi- 
I fr'\ \ sphere. Althomrh the area it covers 

I i>;;;:3 ^ is continuous, it is separated by the 

' ■* J. ;i continents into great divisions called 

I % "; oceans. Name them. Which one is 

f'V" S" / nearly enclosed? Compare the At- 

^i/ ^ lantic iu shape with the others. For 

■-^i convenience, the polar circles are 
'?%'' I taken as the boundaries of the polar 

5^;i / oceans, and the equator couventiou- 

\ s:;s-^i%.. / ally divides the two largest oceans 

\ %;f''' ,, ,,••' into northern and southern divisions. 
■s;' I / Which of the oceans is nearly land- 

'■■-.,, ,/' locked ? At what place do the Pacific 

A GROUP OF CORAL aud Arctic Oceans meet '? the Atlan- 
b™a"barr,erTbp^° tic and Pacific? the Atlantic and 

Indian ? the Atlantic and Arctic ? 
The Pacific Ocean comprises about one-half the entire 
Sea ; the Atlantic about one-quarter. The shore line of 
the latter, however, is considerably longer ; explain wh_v. 
Why are not the polar oceans important routes of traffic ? 
On a globe trace a iiorth\vest passa,go from London to 
India ; why is not such a passage feasible as a trade route ? 
In general, the average depth of the oceans varies with 
their size — the larger the ocean the greater its depth. The 
Pacific is about 2,500 fathoms, tlie Atlantic aud Indian not 
far from 2,000 fathoms. The polar oceans are shallower, 
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but not enough is known aboi^t tlieir depth ujDon which an 
average can be computed. The greatest ocean depths are 
much in excess of the average depths. There is a large 
3,000-fathom area in the north Pacific — compare it with 
Australia in size — and several smaller areas in the Atlan- 
tic and Indian Oceans. There are also several 4,000-fathom 
and at least two small 5,000-fathom areas ; describe their 
positions.*^ The greatest depth of the sea, it is seen, 
scarcely surpasses the height of the loftiest mountain 
peak ; yet while four-fifths of the sea basin is six thou- 
sand feet lower than sea-level, less than a tenth of the land 
reaches six thousand feet above it. 

The floor or bed of the sea is by no means so irregular 
as the surface of the land ; and, the vicinity of the coral 
islands and the continental shores excepted, no steep slopes 
or abrujjt changes of level are known to exist. The sound- 
ings made for the telegrajili cables disclosed no slopes nor 
inclines too steep for a railway grade. After deep water 
was reached, the soundings for the Atlantic cable of 1866 
did not vary more than seven or eight hundred feet in two 
thousand miles. 

Arms of the Sea. — In various places the sea extends to 
a considerable distance within the general outlines of the 
continents, forming the bodies or arms called seas, gulfs, 
bays, sounds, straits, etc. Many of the smaller coves and 
estuaries are shore formations, having been made or 
sha2:)ed by the action of waves or by currents of water. 
The larger arms, however, are structural, and have resulted 
from upheaval or depression of the continent, or of some 
part of it. 

The borders of a continent may be flanked by lofty 
highlands, and the trend of the coast usually conforms to 
the trend of the ranges. Thus, the bend that gives the 
west coast of Africa its shape also gives a similar form to 
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the Gulf of (luiuea.. Wlicn-o p.iralh^l ranges extenci sea- 
ward, or form an angle wMi the coast, the sea usually e.n- 
ters the valley to some distauce l)et\vecn them. On a map 
of North America, note the position of the Gulf of Cali- 
fornia, ami Puget Sound ; on a map of Europe, the Adri- 
atic Sea. Note similar examples along tlu* west coast of 
Asia. Compare the coast lines of the grand divisicnis 
with reference to indentations. Which has the longer 
coast line — Eirrope or Africa? 




A ROCK BOLND ( OAsT 
Unfit /ai ,,viiiiu), 



THE CYCLOPS COAST (It MCILY 

iJlhJ .7 HI. ILK < til ll.l < l^illlOH. 



Almost any partly enclosed jxirtion of an ocean is called 
a sea, and the Caril)lx>a,n and North Seas are examples of 
a type of enclosed waters. There is another type, how- 
ever, that is even more remarkable because practically 
land-locked. Of this type the Mediterranean is an exam- 
ple, and such arms of the ocean are now often called mcdi- 
terrancana. The Gulf of Mexico is properly included iu 
this class. Nearly all the larger arms of the sea are de- 
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pressed parts of the coutiucuts, or of the plateau on wLicli 
tliey are situated. 

Coast Forms. — The study of ahiiost any good map of 
a continent, or of any considerable part of its shore out- 
lines, shows that various parts of the coast differ materially. 
Compare, for instance, the coasts of Maine and Florida ; 
of the Chesapeake Bay and southern California. The illus- 
trations on pp. 46 and 52 are examples of shore fcjrms. 
One of them is a rock-bound coast deeply indented with 
fjords and hemmed in by rocky islets. This coast has 
been worn and frayed by the action of sheets of ice, but it 
has also subsided until the valleys are sul^merged by the 
sea. Name the varioiTS coasts that resemble it. 
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A CLIFK-GIRT COAST : SAN JUAN, PUERTO RICO 

In the illustration on p. 52, the plain bordering the sea 
dips so gently below seadevel that the water is shallow half 
a mile or more from the shore. The drag of the waves roll- 
ing in and combing on the coast picks up sand and rock 
waste brought down by muddy streams and jiiles it in the 
form of long spits and beaches at a little distance from the 
shore.'' Find other coasts that resemble it. 
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Along many ]iavts of t]w coast llu^ soa sonnis to bo en- 



croaching on 



tiw land, and tlio wav(^H 1)oa,t against tliu 
shore, breaking it awa>' nntil th(Mc is a high clill' with a 
narrow beach at its foot. A considerable extent of the 
California coast is bordered by sea-cb'tl's, and they occur 

here and there; along the 
North Atlantic coast, as 
at tiie coast of Newport, 
Rliode Island. 

Coral formations are 
very important factors in 
shore lines. On shore 
they are called //■/»;//«</ 
ri'rfs ; farthei' out, Ixir- 
rirr rt'c/n. iVlniost the 
entire oast coast of Aus- 
tralia is shut oil' from 
o))en communication by 
a liarrier reef more than 
twelve hundred miles 
long. There are a few 
chann(>ls across the reef, 
but the latter is a great 
obstacle to commerce. 
Fringing reefs occur on 
the south coast of Flor- 
iiln, and tlu^y are per- 
haps the most common 
exam])]cs of coral formation. They are common along 
the shores of the Uahama Islands, and occur here and 
there along the Hawaiian coast. 

Coral growths are confined to warm, littoral watcn's, and 
the reef-building ]iolyp is limited to waters whose tiunpor- 
ature does not fall below 'J5" (G7° F.). Absolutely clear 




A STRETCH OF NORTH CAROLINA COAST 

T/jc harrirr beaches iiCijrh' nir/ou^ fhr cna^I ; the 
iti/r/i arr krpt deep enoiti^ii J'cr tuii'ii^jlioii hv H'e 
tiiial currents. 
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water is requisite, and for this reason coral reefs are rarely 
found along the shores of continents, and never within the 
reach of river sediments. 

Coast Outlines and Civilization. — The coast forms of 
a country have not a little bearing on its prosperity and 
its enlightenment as well. A coast with good harbors in- 
vites commerce and intercommunication. Along the North 
Atlantic coast of the United States, where a rugged surface 
slopes abruptly below sea-level, good harbors are nume- 
rous. The same conditions prevail on the coast of Europe. 
Of two regions, one having good, the other poor harbors, 
commerce and intercommunication Avill seek the former. 
Africa and South America have but very few good harbors, 
and to this fact the half-savage condition of the native 
peoples is largely due. The great stride in the progress 
of the Japanese people was begun when they oj^eued their 
ports to foreign trade. 

QUESTIONS AND EXERCISES.— How have good harbors affected 
the progress of the English people ? What has been the effect of closed 
ports on the Chinese ? 

Compare the commerce of the North Atlantic coast of the United 
States with that of the South Atlantic coast. To which type does each 
of these coast forms belong ? Where are most of the large seaports of 
the Atlantic coast of the United States ? Explain the reason for their 
location. 

Why should Australia be considered a continent rather than an 
island ? 

Does the cutting of the Suez Canal give Africa any insular properties 
that it did not possess before ? 

Make a list of the principal mediterranean seas of the world. 

Mention several instances in which peninsulas enclose waters so as 
to form gulfs or bays. 

From a good map of the British Isles find the names used as syno- 
nymes of " cape " and " strait." 

Find the centre of each hemisphere on p. 40. 

Study the position of the submerged part of the continents on the 
map, pp. 45-46. 
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r>AK,\.— Manual kI' (u'(il(ii;\, pp. I ITi Ifi','. 

liUDWAY. Now Hasis of (uMiKi'apli\ . C/ni/ili/- I]'. 

SllAl.iai. — Sea ami Land, pp. is; ■_".",'. 

l\N'ri'Hi) S'lW'i'HS (I'loui.iiuu'Ai, Si;iv\ lOY. -Noi-wii-h ami New 
London Sliocf (drowned vallrvs); Sandx Hook and T<ai-n<'t;al, 
Sheets (spits and barrier beaeUes) ; Toil Washington Sheet 
(eliUs). 

NOTES 

'' It is eomnionly asserted that the same iiuioiint of water ex- 
ists on the earth at the prescMit tiiiu' as dnrini; remote ;;-eolo(;-iea,l 
pi'rii.ids. 'This is donlit less t rne, lini 11 is also Iriie Ihat mil all 
the watei- is in the same h>rin now as in piior limes. When 
the earth was youni;'er (hei'e was nnich watei- in a li(inid lorin 
that is now ehemically combined with \arious mineral elements. 
Nearly all the nnnerals, esp<>eially those In a la-yst.illine t'orui, 
eoutain ntitable [iroporlions ot water in eombinal ion. 

-This sei)aration ot the land masses has Ijcimi a|il!\ called 
the "zone of fractni-e." The isthunis of I'an.ama is scan-ely 
thirty miles wide an<l the istlninis of Sue/, is onls one Innidred 
nnles across. \ Ct these two necks ot land ai'call (hat connei't 
the divisions of each coidinent. That is. twenty-ll\e thousand 
miles ol' open na\'i^ation a i-e olist riicted by less t han one hundred 
and t hir-ty nnles of land. I'lven the.se b:\rriersari' disappearin;; 
ln'canse of canals either completed or' projected. 

" It is now the cnst.om (o resi rict t he laltei- t<'rm to the lart;-est 
land masses, Imt it. is .sometimes m(u-e coTivcnient to appl>' it io a 
f^i-and division, hlnrope .anrl .\si;i ar'e also called continents, hut 
the only real bounda,r> tli.al .separates them is t hi' desert hit;;li- 
laiid tli.'it separates westcrai from oi'ienlal cixili/.at ion. l'h>'sically 
it is belter to I real I'bn-asia .as .aw hole pot it ic.al ly .and histori- 
cally the two divisions are Im'sI considci'cd sep.ar.alelw 

•" This m.ar^^in is a.lso (^a.iied \\\r i-mil i luiihil pldlcdii, the rdiili- 
liruldl hiinlir, .and the siiliiinrncd hunhr. 

■' The coral pol.N'p is .a. zoophyte form of m.irine .irn'm.il ^^rowlli 
not njdike .a, tree with It s br.aiiches. The months of the polyp 
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completely cover its upper surface in much the sftme manner as 
the flowers of the hollj'hock or uiullein cluster aljout the stem. 
In a single community the growth of the polyp is cliiefly upward, 
but where the comunmities are thickly clustered, their branches 
interlock and finally form a compact mass. The living portion 
of a coral is found at the surface of the water or a few feet below 
it ; the dead portion may extend a hundred fathoms oi- more be- 
low the surface. 

'' The deepest soundings so far obtained are 4, 655 fathoms by the 
U. S. S. Tuscarora, east of Japan, in an area now known as Tus- 
carora Deep ; 5,147 fathoms, one hundred miles E. N. E. of Sun- 
day Island ; and 5,155 fathoms a few leagues east of Macarthy Isl- 
and, not far from the Kermadec group. The two last were made 
by Commander Balfour, H. M. S. Perifjitin. North of Puerto Rico 
a sounding of 4,651 fathoms has been obtained. The cable ship 
Nero reported a sounding of 5,200 fathoms east of the Hawaiian 
Islands. Formerly deep sea soundings were made with heavy 
Manila rope, and in very deep water it was impossible to tell 
when the sinker had reached bottom. With the method perfected 
by Admiral Belknap and Captain Sigsbee, steel piano wire takes 
the place of the rope. The wire carries at its lower end a sinker 
which detaches itself on touching bottom, at the same time clos- 
ing a Cup that secures a specimen of the bottom. Very few of 
the deep-sea soundings .made prior to 1870 are now considered 
trustworthy. 

'• Marine currents frequently attempt to carry away the rock 
waste piled up by the waves, and between the two it is dragged 
into a curved form making a hook. Sandy Hook, New Jersey, 
is an example, and similar examples are found along the shores 
of Martha's A'iueyard and Nantucket. 



CHAPTER IV 

THE EESULTS OF SLOW MOVEMENTS OF THE ROCK 
ENVELOPE; PLAINS, PLATEAUS, AND MOUNTAINS 

The larger vertical forms of the laiul are the results of 
the slow movements of the rock envelope. Any consider- 
able area of land but little higher than sea-level is called 
A plaiiL : if considerably higher, a phdi'un : if Avrinkled, 
folded, and broken, a mnntdain sijsliiii. Tiiere is no fixed 
elevation at which an area ceases to be a lowland, or vlvc 
versa, but in general, surfaces more than two thousand feet 
above sea-level are called highlands, while those of less alti- 
tude are lowlands. 

As a rule, the varioiis features that constitute topogra- 
phy are distinct one from another ; but in man}- instances 
lowlands gradually increase in altitude and become high- 
lands ; an almost imperceptible swell in a level plain may 
develojj into a cliff or a ridge ; and a mountain range, little 
by little, may lose its characteristic form among other 
features of the landscape. So it often happens that a sin- 
gle topograjiljic form may have the character of several 
kinds of relief. 

Plains. — Any level or nearly h^-el stretch of land is 
connuonl_y called a plain. Most ]ilains are lowlands, but in 
a few instances the naiiie is applied to surfaces that are 
more than six thousand feet above sea-level — an elevation 
considerably greater than that of some mountain-ranges. 
The plain east of the llocky Mountains is an example ; 
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it is higher than the crests of the Appalachian Mountains, 
and about as high as the highest peaks. 

Plains are variously named. The grassy plains of the 
New World were named savannas by the Spanish, and 
prairies by the French— both of which names are very 
commonly employed. In South America the vast plains 
of Argentina are called pampas ; the grassy plains of the 
Orinoco, llanos ; and the forest-covered plains of the Ama- 




A ROLLING PLAIN, VIRGINIA 
The forestry is deficient, and the soil only moderately fertile. 

zon, silvas} In Eurasia, the vast plains that almost girdle 
the Arctic Ocean are known as stepjjxs, their frozen, swampy 
coast fringe being known as tundras. In England and 
Scotland the terms, meadoiv, heath, and moor, are used. 

Origin of Plains.— Most plains have been formed by 
the action of water, or have received their surface configu- 
ration by it. If shaped by comparatively still water they 
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are known as marine or Jnciisfriiir plains ; the former being 
old soa-bottoms ; tl)(^ latter lake basins. If formed of sedi- 
ments deixisited by running streams they are alluvial 
plains ; if levelled off b}' moving ice, (lilurial plains ; if on 
the margin of the sea or a lake, aiasf plains. 

Marine and lacustrine phdus constitute by far the greater 
area of the lowland surface of the earth. Originally old 
sea or lake bottoms, their sm-faces are level, because the 
sediments forming them were deposited in still water. In 
some instances the floor was filled and levelled off by the 
remains of minute animals ; in others by dead and decay- 
ing vegetation. 

In time those old bottoms were raised above water-level 
and, if their surfaces were not wrinkled and folded, they 
constitute the plains of to-day. Thus, the larger part of 
the Great Central Plain of North America is an old sea- 
bottom, and so, too, is most of the great northern plain of 
Eurasia. Of lacustrine plains, one of the finest examples 
is the valley of Eed Eiver of the North. This plain re- 
sulted from the draining of a lake, and was so recently 
formed that its surface has scarcely been notched by the 
river that now imperfectly drains it. 

The plain surrounding the Caspian Sea is an excellent 
example of a plain in the in'ocess of formaticm. On the 
northern side, th(! gradual shrinkage of the lake has left a 
plain more than two hundred miles wide, and when at 
length the lake disappears, a broad, wind-swept plain will 
take its jilace." The valley or basin of Oreat Haft Lake 
possiiyiy is pa-ssing through a similar jieriod of growth 
and developnmnt. , 

Alluvial ])lains are usually best din'eloped along the 
lower courses of rivers, although tlu^y exist in narrow 
reaches along almost the entir<! length of the stream. The 
bottom-lauds of the lower Mississippi and the Danube • 
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the mazy deltas of tlie Nile and the Gauges-Brahmaputra, 
and the broad, fertile plains of the Po are examples.' 
Name other illustrations. 

The surface of a coast plain is made level by the action 
of the waves, and if an uplift of the surface is taking place, 
the plain gets gradually wider and wider as successive por- 
tions of the sea-bottom are brought to the surface. The 
coast plain along the South Atlantic and Gulf coast is an 




A LtVEL PLAIN KENTUCKY 

A very fertiti pramc "u.'!/b coimdtt able foicsf growth. 

excellent example.'' Much of the material of which it is 
composed is sediment l)rouglit down by the rivers, but the 
waves have been the chief agent in building it. Through- 
out its whole extent it is but little higher than tide-water. 
The line along which the coast plain joins the older land is 
marked by a rather abrupt slope called the "Fall Line," 
and in most places the line where they meet is quite distinct. 
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Most of the rivers are navigable to the Fall Line, and along 
the eastern side eoast a liiK^ of cities marks the jinietion. 

Alnu)st every body of land is surrounded l)y a eoast 
plain ; indeed its formation and growth neeessarily follows 
the denudation or wasting of the land, ilnck waste is con- 
stantly being carried to sea-levid by running wat(>rs, Imt 
beyond this point it i-an go little or no i'artlnr ; so it is 
distributed along the shon^ and levelled off liy the waves. 
lu most iustanees slow, vertical movenu'nts of the rock en- 
velope are concerned in the formation and development of 
coast plains, but in many cases rivers, waves, and tidal cur- 
rents divide the work among themst'lves. 

In various places surfaces formerl}' ruggi'd have been 
levelled off by the action of the sheet of ice that t)nee cov- 
ered portions of Europe and North Anu-rica. Mucli of the 
northern part of the XTnited Stati'S receiv(>d th(^ eonhgura- 
tioii of its surface by this j'l'ocess ; the moving sheet of 
ice scouri'd oft the rugged parts and hlled the de[)ressions 
with the material removeiL'' 

Distribution of Plains. — Alluvial and laeustrin»^ plains, 
of course, are incidents in the physiography of rivt-rs and 
lakes ; and coast plains are formed on nearly all shores. 
The great marine plains of the world are mainly on the 
slo[ies of the Arctic and the Atlantic Ocean. 'J'he most 
extensive plain of the world is that Avhich forms the 
northern slope of I'hirasia. Frtun east to west it stretches 
a distances of about nine thousand miles ; from north to 
south, about three thousand miles. In Asia, it is high and 
rt)lliug ; in Euroi)e the gr(>ater part of its c>xtent, how- 
ever, is low and comparatively level." 

In the New World the great continental plain extends 
from the Arctic, Ocean to the Gulf of IMexico, and there is 
an apparent extension from the ('a,ribbt>an Hea southward 
through South America. Its continuity is broken by 
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occasional ranges and arms of the sea. It presents cer- 
tain marked contrasts to the plain of tlie Asian Continent. 
The latter extends east and west ; the former, north and 
south. The latter is a margin of the continent ; the for- 
mer is an interior plain, bordered by mountain-ranges. 

Physiographic Aspect of Plains. — Although Avater is 
the chief agent in the formation of plains, it is likewise the 
chief factor in their destruction. From the moment a plain 
comes into existence, storm waters and running streams be- 
gin to carve channels in its surface. These, extending in 
area, carry the greater part — perhaps all the surface mate- 
rial away.^ A plain thus channelled is said to be " dissect- 
ed." The coast plain of much of the South Atlantic and 
Gulf coast is young, es])ecially near the sea. Its slope is 
so gentle that the streams have not 3'et carved their chan- 
nels to any great depth. 

The plains bordering Lakes Erie and Ontario show signs 
of greater age. The streams have accomplished a consid- 
erable dissection and the channels are comparatively deejo. 
The " Bad Lands " of South Dakota and Nebraska are 
remnants of an old lacustrine plain that has been so greatly 
dissected that the region is well-nigh impassable through- 
out much of its extent. 

Economic Value of Plains. — Because of their com- 
paratively level surface, plains are more accessible to 
commerce than mountainous regions. Pi.ailways can be 
built across them at the minimum of cost, and the rivers 
that traverse them are usuallj' navigable. 

More than this, the soil of plains is usually deep and 
easily cultivated. Therefore they are cajDable of support- 
ing a denser population than mountainous regions. In 
remote times the alluvial plains of the Nile and of Meso- 
potamia were the seats of dense poi^ulation and vast in- 
dustries. In later times the plains of Europe and of the 
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Uiiiteel States have become the great producers of wealth. 
It may bo said, therefore, that the greater jiart of the workl's 
M-ealtli and power is centred iu the phiiiis of the temperate 
zones. Only a small fraction of the \\orld's population lives 
above the altitude of 2,000 feet, and but few of the great 
cities are more than six hundred feet above sea-level. 

Plateaus. — Almost any broad extent of country having 
an elevation of more than a few hundred feet, and an ir- 
regular or dissected " surface, is iiopularly called a plateau. 
The name, originally meaning " Hat," or " level," has ac- 
quired a signirication almost the oppiosite. A plateau of 
small area is usiially called a tiirsa., a tabJc-lawI, or a lahle- 
iiioiintalii, according to its general form and structure. 

Like most other elevations of the earth's surface, pla- 
teaus are the result of a gradual uplift of jiarts of tlie rock 
envelope. Most of the great plateaus of the earth are 
rimmed by lofty mountain-ranges, and their surfaces are 
generally traversed by ridges and valleys. Thus, the pla- 
teau regitin of western North America, nearly a mile and 
a half high, is bordered by the lofty ranges of the llocky 
Mountains, and Sierra Nevada systems ; the great Boliv- 
ian plateau is margined l.iy the highest summits of the 
Andes ; and the loftiest plateau iu the world, that of Tibet, 
is enclosed by some of the loftiest ranges of the earth. 

Mesas and table-lauds are generally the result of ero- 
sion, or Tinequal weathering. The top of the mesa is com- 
monly a layer of rock resting njKm softer substance. The 
latter is protected from the action of the elements hy the 
harder material and, in time a ta.bledand is formed. With- 
out the hard cap the surface would have been rounded off, 
leaving a hill instead of a mesa. As a rule, mesas and 
table-lauds are the outlying or isolated remnants of jila- 
teaus. They are noticeable obj<H'ts because of their tlat tojis 
and the steep cliil's or escarpments that form their slopes. 
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Distribution of Plateaus.— Most, of ilio hvj}\ ]ilatoans 
ai'o in tlie i;i-eat lui^lilaiuls that vadiati^ rroin iiortli circnin- 
polar ivgioijs ; th(\y faco tlic Pacitio and Indian Oceans. 
A st'iios of lessor liiglilands borders the Athuitic Ocean, 
and these also contain plateans. Althon;4h the plateaus 
have each a more or less definite outline they caunot al- 
ways be considered apart from the highlands to which 
tlu-y belong. In places where the highlands border the 
sea, the plateaus may take the form of peninsulas ; name 
several examjiles on the map of Asia. 

Among the plateaus of the Asian Continent, that of 
Tibet is remarkable for its size and elevated surface, uear- 




A DISSECTED TLATEAU, JOHN DAY VALLEY, OREGON 
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ly three miles above seadevcl ; by what rauges is it partly 
enclosed ? To the westward are the Pamirs, a series of 
grassy plateaus, like the "parks " of Colorado, about three 
and a half miles above the sea. In North America, the 
plateaus of the western liighlands are a little more than a 
mile high, while those of the eastern highliuid have less 
than half that altitude. In South America, the plateaus of 
the Andes are about two miles high, while thosi^ of the 
eastern region have less tha.n one-third that height. 

Economic Aspect of Plateaus. — Plateaus, especially 
those of a considerable altitude, are generally uuju'oduc- 
tiv(\ In some instanc(>s they are so high that but little 
rain falls; in others tlu^ mountain rims shut oil' the moist- 
ure that is borne with the winds. The rugged slopes aud 
deep canons almost always make commercial intercourse 
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very difficult, and sometimes impossiljle, except to the 
rudest methods of communicatioD. Because of tlieir un- 
productive character the high pUiteaus, as a rule, are 
sparsely peopled ; and because of the lack of intercommu- 
nication the civilization of the native peoples is not usu- 
ally of the highest type. 

In the lower plateaus the conditions are different ; 
there is generally a rainfall sufficient for the production of 
food-stuffs, and the laud that cannot he cultivated is often 
well adapted to grazing ; meat, cattle products and wool 
are almost always associated with these plateaus. The 
broken and dissected rock strata in many instances yield 
minerals and metallic ores useful in the arts and sciences, 
and the rugged character of the surface often furnishes an 
abundance of water-power. In the New England Plateau 
of the United States one may see the results of surface 
conditions in the production of water-power ; in the Ap- 
palachian Plateaus, the results of coal and iron pi'oduc- 
tion ; and in the Il)erian Plateau and Australia the re- 
sults of grazing facilities. The wool from these regions is 
the finest in the world. 

Mountains. — Mountains are the most characteristic 
and remarkable features of the landscape. In form, they 




A SECTION ACROSS THE UINTA MOUNTAINS 
t.4 single fold loith fault. -Aflcr Powell. 

are great ridges marked by a very rugged surface. In 
structure, they are folds or wrinkles in the strata of the 
rock envelope, or else they are immense blocks of rock, 
broken and partly upturned. 



c<c. 
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Mountains ooeiu- usually in si/sfinis. cac]i of Avliicli con- 
sists of luanv rani;os, toL^i'tlnM- fcuuiiiiL;- a distinct group. 
Avery extensive system is sotiietinies called a n^-di/lrro. 
Tlius, the lloekv and Andi>an Systems from the great 
Cordillera of the "Western Continent Itanges or folds that 
seem to be continuations, om^ of the otlaM', ar(> said to be 
a rliniu, as the Sierra Nevada and Cascad<^ ^biuntains. A 
single fold may be worn away so that the broken strata 
form i'ii!'/(H : or the crest may be A\eathertHl so uiu^veidy 
that it jireseuts the appearance^ of a, series of notches, 
therebv forming a sicrni. Any part <if the crest or summit 

materially higher 



4< ~ 




THK JLiRA A\OL'NTAINS 
t ■! scn.s of .c,)//A- t'ol.l!. 



t li a u the r e s t 
forms a jieak. '" 
In most instances 
the ]H'ak is a high 
crag, or a pinna- 
cle, but the name 
is also ai>]ilied to 
volcanic cones, 
and to elevations 
that more "|irop- 
erlv are plateaus — as llroad ^bnintain, Pocono 3[oun- 
tain, and Broad To]i, in the Appalachian system. 

A mountain system is characterized generally by gr(>at 
extent, several of the nun-e important exceeding four ortive 
thousand miles in length. Name three of the greatest 
systems. A range, on th(^ contrary, rarely (^xceeds a few 
luuidred miles in length. It gradually tabes form, contin- 
ues a short distance, and then disa])pears, anotluM' to the 
right or the left taking its place. The rolling hills that in 
many instances fm-m the approach to a. systcnn, are called 
foof-Jiillfi or, b(>tt(^i-, I''iciliiioiil hnii/s. The hollow or de- 
pression between adjacent ranges forms an intermontano 
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valley ; or it' wide and apparently enclosed, a 'park. A 
valley that extends across the range is called a pass, a gap, 
or a canon. 

Nature of Mountain Ranges. — In the simplest form, 
as the Uinta Mountains, there is a single fold ; in the Jura 










jw? 



SFXTION OF A DISSECTED RANGE 
r^'i single fold is dissected iitto .7 Hunihcr of ridffcs. 

Moimtains there are several ; in other instances, as the 
Alps, there has been a mashing and crumpling of the 
strata, producing results as irregular and complex as though 
the leaves of a book had been pressed and crumpled side- 
ways by a great force. 

The folding process takes place slowly — so slowly, in 
fact, that no means exist whereby it can l)e measured ex- 
cept after long intervals of time. This is shown by the 
conduct of certain rivers that flow across the folds. The 
streams cut their channels downward quite as fast as the 
folds are pushed upward. 80 when the fold has become a 
lofty range, it is severed transversely by the stream. Had 
not the upthrust of the fold proceeded more slowly than the 
downward cutting of the stream, the latter would be 
turned aside ; in places this seems to have occurred, but 
even in such cases there is always evidence that the uplift 
of the range is very slow. 
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Excepting tlic cove of granite, or similar rock that is 
present in the lower part of many folds, mountain-ranges 
are composed of strata, of sedimentary rock. Moreover, it 
is a notalile fact that the strata which form tli(>m are much 
tliicker along the folds than elsewhere." Thus in the 
Appalachian Mountains, the sediments composing the 
folds are ahout -iD.ttOO feet thick, while the same strata 
in the Mississipjn Yalley are scarcely intire than 4,000 
feet in thickness. 

Not all ranges present the aspects of folds, however. 
The ridges in the (Treat Basin of the United States are 
great blocks of sedimentary rocks that have been broken 
and tilted, and left with edges partly upturned. The 
Sierra Nevada and Cascade Ranges are both folded and 
broken, and their abrupt eastern slope is the edge of an 
immense block tilted toward the Pacific. 




BLOCK MOUNTAINS, B.\S1N REGION 

The ideal system with its parallel folds exists, it is true, 
but it is not common. In nuist instances one finds a con- 
fused ta,i)i;le of ridges and ranges, separated by intcrmon- 
taue valleys and crossed by gaps and passes. In not a few 
instances parallel ranges are connected by spurs, as in the 
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Sierra Nevada and Coast E,aiiyes ; and not infrequently 
several ranges seeiu to radiate from a massive uplift, as in 
the case of the Pamir highland, from which radiate the 
great folds that form the Himalaya,, Tian Shan, Hindu 
Kush, and Suliman Mountains. 

Physiographic Aspect of Mountains. — From the mo- 
ment the process of u[)lift begins the waters of the atmos- 
phere begin to level off the folds. In general, the more 
prominent a topographic feature, the njore exposed will it 
be to the factors that produce erosion. And althoTigh 
nearly every part of the rock envelojje is undergoing denu- 
dation, uplifted surfaces generally suffer most. As the 
process of elevation goes on, the mountain torrents carve 
the slopes of the range into a multitude of valleys, canons, 
ridges, and hogbacks. 

Not only are the flanks scidpturcMl, l)ut the crests are 
also worn away. The tops of the folds being consideral)ly 
broken and, at the same time, the most exposed, little by 
little are removed, leaving the upturned edges in the form 
of long riihjes. Most of the ranges of the Appalachian 
Mountains are ridges formed in this manner; there are 
few folds, Ijut niauy ridges. 

The amount of material removed from the slopes and 
crests of mountains is enormous. The crests of the Ap- 
palachian folds in Pennsylvania are scarcely more than 
two thousand feet high at the present time ; but if all the 
material that has been removed could be again heaped 
upon them, their summits would be not far from ten miles 
liicfh — about twice as hieh as the loftiest summits of the 
Himalayan folds. Usually the slopes and foot-hills are 
covered deep with coarse rock waste. ^'~ 

JXi^cl^ — prol>ably most — of this material has been re- 
moved by running water, but the moving ice sheet that at 
one time covered the northern part of the Appalachian 
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liii;lil;n)(lft was also a, ])()wcrl'ul aij:ciil in siMil]itnni)^; tluMV 
en^sts ami sloi)os. Tims, in tlic Nmili Atlantic States anil 
New York, wlicvt? Ilu'\ ivc('i\('il tli<' I'nll I'lircc of ijlacial ico, 
tlio liii^lilands, in places, ave \\ orn down almost to tlie sea- 
li^vi^l. In TcnnsN Ivania, ^\he^e the waslini; was K-ss (>t- 
fective, llu-y are aliont two tlionsand feet liii^li. l>nt in 
th(> Sonth Atlantic States, lieyond the limits of -lacial 
ice, the various rids^cs ari' nnirc than four tlionsand leet in 
aUitnd.\ 

As a. rnle, tliercfor(\ nioniitain-rani;i's \\hicli show but few 
eft'ects of weatheriiij^ av(> ciMuparatively youiii;-. The tilted 
blocks of strata, that constitute the short rani;-es of (\isti>rii 
On^gon as yet are scarcely imtclu'd b\' str<'ams, and are 
very slii:;hth- weathcri^l. 'l^he ridi^cs of ISevada are nnu'h 
mort' worn and carved, and the HiH-k\ Mountains, thout^li 
YonuLi; as compared with tlu^ A]>palacliian folds, are vt>ry 
lunch wor]i. The Laurcaitian folds, the oldest in North 
America, ari^ Avorn so !j;reath' that their hii;lK>st crests avo 
only a few hundred feet alioV(> sea-level. 

The diameter of tlu^ Avi-atherini;' aial the landscape 
scenery as well depend ])a.rtly on the roi'k and "[lartly on 
the conditions of clinnite. In the A)i|)alachian langes all 
the forms are ronndiMl, snlidu<Ml, and j^racid'ul. In arid 
regions they are apt to be angular. The notclu'd cri^sts of 
western rangers of tln^ ITnited States and Alexico lia\(' sug- 
gested t]i(^ name " sieri-a '" (sdir), tin" shai-p, enduring crags 
of tlu^ Ali)S, " aignille " (mcillr), " hoi'n," and " dent " (/mi///). 

Distribution of Mountains. — ]\ronutain-ranges S(>(-in to 
be incidental to highland i-(\L;ious. The gri\at highlands 
that border the Pai'itic and Indian Oceans arc rinniied 
tlirongliont luucli of their e\t(uit by \vv\ lofty folds. In 
North America the Jincl^y a.nd Sierra. Nevada, ranges are 
tlie rims of a. high plateau w hose surface is tra,verso(l by 
block ranges. 
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How is this stutement burue out iu the case of Simtli 
America? of Australia? of Africa ? It Joes uot seem ap- 
parent, however, iu tlie case of Eurasia. Tlie great system 
of southeru Eui'ope, exteudiiig from tlie Caspian Sea to the 
Atlantic, belongs to the principal highland of Eurasia. 
The Alps form the northern, and the Atlas Eanges of 
Africa the southern rim. What sea fills the intermon- 
taue vallej' between them? A partly submerged chain 
extends along the east coast of Asia ; name the penin- 
sidas and principal island groups belonging to it. In 
general the great sj'stems are nearest the Pacific and Ind- 
ian Oceans. 

Valleys. — The folding of strata into parallel ranges 
naturallj' forms valleys between them. The great inter- 
montane valley of California, Oregon, and "Washington is 
of this character. Name the ranges between Avhicli it is 
situated. Although interrupted by cross ranges it prac- 
tically extends from Puget Hoimd to the Gulf of Califor- 
nia. The valley, a part of which the St. Lawrence Puver 
now occu])ies, is similar in structure. 

Most vallej's, however, are the ri'sults of stream-cutting 
and the general weathering that conies from the action of 
water. Shenandoah Valle}', the dein'essiou crossing Vir- 
ginia, is an example. The rocks along the line of the val- 
ley were more easily worn away than those to the east 
and the west, and hence the valley resulted from their re- 
moval. The valley of the lower Hudson was possibly 
formed in a similar manner.'^ 

In manv instances the water wears away the broken 
rocks forming the crest of a range more easily than it can 
remove them elsewhere. In this way canoe-sliaped valle^/s 
are formed at the summit of a fold. More commonly, 
liowever, the streams on opposite sides of a range wear 
their channels clear to the crest, partly breaking the lat- 
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ter down by maldiig deep udtclu^s ncross it.. IMauv of the 
passes in the Sim-ra. Nevada and lloekv jMoniitaiiis are ex- 
.imi)k^s ; "' a,ud so, too, are the water-^ajis of tlie ])(da\vare, 
Susquehanna, and Hudson Rivers. "\Vater-gai>s are usually 
at the base level of the range ; passes are usuall}- high 
above it. 




CANOE VALLE\S AllALACllUN ^\()L NT AlNb 

In a few instances the cross spurs that join parallel 
ranges enclose valleys of considerable extent. The Parks 
of Colorado, and the Pamirs, both fre(inently classed 
among plateaus, are examples. The latter are situated in 
a high mountain knot which, because of its great lu'ight, 
is often called the " Roof of the W(n'ld." 

Economic Aspect of Mountains. — Notwithstanding 
the fact that mountains are sparsely settled, and ini'lude a 
very large propm'tion of uncultivable land, they lu^verthe- 
less exert a great influence on lite, its history, and its in- 
dustries. Ranges that face rain bearing winds may be so 
lofty that they intercept all the moisture. How do the 
Cascade and Sierra Nevada ranges illustrate this? How 
does this affect the habitability of the region west of their 
summits? In various localities ranges at a considerable 
distance from the sea chill the winds passing over them 
and condense the moisture that otherwise would not be 
precipitated. Mountains, therefore, are factors in the dis- 
ti'ibution of rain. 
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The broken folds of the strata frequently expose metals 
and minerals that otherwise would not be accessible. Al- 
most all the gold and silver, the mechanism of exchange, 
come from mountain-ranges ; and so, also, does most of 
the copper, a metal necessary in the transmission of elec- 
tric power. Practically all the anthracite coal and much 
of the best iron ores are associated with the rocks of 
mountain-ranges. The latter are, therefore, essential to 
the industries of mankind. 

Mountains ati'ect life and its industries mainly because 
they are barriers to intercommunication. The Greek peo- 
ples of early times found it much easier to spread along 
the shores of the Mediterranean and across the ^gean 
Hea than to cross the Balkan Mountains. For the first 
tifty years of our national history there was no transcon- 
tinental intercourse between the Atlantic and Pacific 
coasts of our country. It was easier to go sixteen thou- 
sand miles aroiurd Caj^e Horn than to traverse one thou- 
sand miles of mountainous surface. 

The effects of intercommunication may be seen in the 
case of the Basques. More than two thousand years ago 
they were driven from the lowlands of Spain and France 
into the almost inaccessible valleys of the Pyrenees Moun- 
tains. During the succeeding years they have been so little 
in contact with the rest of the world that their language 
and customs have been changed but little in that time. 

Because of the diti'erences of climate on opposite sides 
of high ranges, the distribution of life-forms is greatly re- 
stricted. The dense forests of the Pacific Coast can- 
not extend across the Cascade and Sierra Nevada Ranges, 
because there is not enough moisture to support them. 
On the other hand, not many of the plants of the arid side 
of the mountains can cross the ranges and survive because 
the conditions of climate and soil are unsuitable. 
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luterinoutane valleys are usually productive, and there- 
fore densely peopled, areas. As a rule, tbeir fertility can- 
not be easily impaired, becanse fresh soil is brought to 
them with every flood season. Because of the infertile 
region on either side, the industries of life are of neces- 
sity concentrated in the valleys. 

Passes have even greater importance than valleys. A 
mountain-range is an obstacle to communication, and the 
pass is, therefore, the channel toward which intercourse 
must be concentrated. Pi.ailway routes through mountain- 
ous regions are always surveyed and built through the 
passes. Almost every railway to the various commercial 
centres of the Atlantic seaboard seeks a way through the 
passes and water-gaps of the Appalachian Mountains. 

To Mohawk Gap, a pass that jiractically forms the 
principal route of traffic between the Great Lakes and 
the Hudson Piiver, the wronderful development of New 
York City is due. It is more nearly level than any other 
route across the Appalachian Mountains, and for this rea- 
son it furnishes a standard by which freight rates between 
Atlantic seaports and the Mississippi basin are regulated. 

Khyber Pass, a narrow defile a few miles east of Kabul, 
for more than two thousand j^ears has Ijeen a part of one 
of the great overland routes between Europe and India. 
Indeed, it is the chief gateway to India ; and the truth of 
the old saying, "whoso would be master of India must 
first make himself Lord of Kabul," is every day more and 
more emphasized. It is evident, therefore, that inasmuch 
as mountains are a barrier between peoples upon their op- 
posite sides, all the intercourse and communication must 
be concentrated at the passes. 

QUESTIONS AND EXERCISES.— Name and classify the vertical 
forms in the State in which you live. On an outline map, shade or oth- 
erwise designate the areas of highland and lowland, using such contours, 
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or lines of equal altitude, as may be available. If possible use the Re- 
lief Map of the United States noted below. 

Make a relief model in sand or paper pulp of any locality, the topog- 
raphy of which you know--State, county, township, or other region 
of interest. 

What results might occur were a mountain fold to be formed across 
the channel of a river ? 

Make a sketch restoring the plateau or mesa dissected by weathering 
processes, as shown on p. 64. 

Name some of the benefits and the disadvantages resulting from the 
presence of the Appalachian Mountains between the industrial centres 
of the Atlantic Coast and the Mississippi Valley. 

Explain why Fort Ticonderoga and Crown Point were important 
localities during the colonial wars. (Consult any good map of Lake 
Champlain.) 

On an outline map of each continent, or grand division, draw heavy 
lines representing the positions of the principal mountain-ranges. 

In what general direction does the rock waste of mountains move ? — 
Explain why. 

Give reasons why lowlands are more densely peopled than high- 
lands. 

COLLATER.\L REAOINff AND REFKRENCK 

McriEK. — Tlu' Piediimiit PJatcan. Niilininil (jciKjnipli ii- J/<i</- 
azhi.e, vii, 3(!1. 

Willis.— Pliysiof^raphy of tilt' Unitt'il States, pp. li;!)-203. 

Hayk.s. — Physioi;-rai)liy of the United States, pp. :'>().")-;!;i(;. 

POWKLL. — Exploration of (Ti-aiiil ('.afion, pp. IM-l'.i;!. 

UxiTKi) Statks GKOLiiCiiCAL SiiiiVKY M.M's. the following 
sheets : Tooele, Marion, Sierraville, Marysville, Kaihali, Panuer- 
ville, Spottsylvania., Mount Moiiadnofk, Mount Mitehell, Hum- 
melstown, and otlier.s. 

NOTES 

' Tlie differenee in tli(> surface f(>atures of these plains is due 
partly to altitude and partly to rainfall. The Pani|)as resemble 
the liiffli jilains east of the Uoeky Mountains. Both slope fi'oiu a 
hit,di to a low level, and both are covered with " buneh-t;-rass " — 
tliat of the Pampas beiny; a very coarso species that grows to a 
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height of four or five feet. Tlie Llano>s are watered by periodical 
rains and are alternately a swamp and a sun-baked desert. The 
Silvas lie in a region of almost constant equatorial rains ; hence 
they are adapted to tropical forestry . The Pampas and Llanos 
produce wild cattle and horses ; the Silvas, rubber and ornamental 
woods. 

' It will Ije swept by simoon winds because it will be practically 
a desei't, for it is in such regions only that simoon winds are 
found. The same is true of the valley of Great Salt Lake : it 
will be a desert region as soon as the lake disappears. 

'Alluvial plains are the most productive lands in the world. 
Because their soil is constantly replenished Ijy overflows and 
freshets they rarely wear out ; the nutrient elements are sup- 
plied about as fast as they are exhausted. 

* The Atlantic Coast I'lain varies from a few miles to more than 
one hundred in width. The more recently formed parts are cov- 
ered with pines ; and a Ijroken, nai'row belt of pine forest extends 
from Chesapeake Bay almost to the Rio Grande. To the east- 
ward of the pine barrens is a belt of sand flats and swamps of still 
more recent origin. 

° Diluvial plains in places are strewn with large bowlders and 
covered with a " drift " composed of sand, unsorted gravel, clay, 
and bowlders. 

" A similar plain involves the northern part of North America. 
In the New World, however, it loses many of the topographic 
features of a plain and is, perhaps moi'e accurately, a low, but 
rugged plateau. Its slope, however, like that of the Eurasian 
plain, is toward the Arctic Ocean, and like the latter plain, its 
coastal portion is bordered by tundras. Generally considered, 
this plain is a vast basin almost shutting the Arctic Ocean from 
tlie rest of the sea. 

' Plains are quite as subject to the same weathering jsrocesses 
as are mountains and plateaus, but because of their gentler 
slopes, the rate of erosion is not so great as in mountainous 
regions. The bluff lands along the Mississippi and some of its 
tributaries are thus dissected. Their complete degradation is a 
matter of time only. The higher parts of the Atlantic Coast 
Plain have Ijeen also greatly dissected by streams. In many in- 
stances the stream valleys and flood plains cover an area equal 
to the inter-stream uplands. In strong contrast are the low, 
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recently formed marine plains alon^ the soutbiM-n eoast of New 
Jersey, and the still younyvr tnle plains of the Saoranjento 
Valley. In these the i-ivers have hardly been able to select their 
channels, much less to extend them. 

" A hig-h plateau sparsely covered with veg-etation is much more 
readily dissected by streams than a grass-covered surface. The 
region through which the middle coui-se of the Cohjrado River 
flows is an example. Here the i)lateau has been cut to a depth 
ranging from three thousand to six thousand feet. The region is 
one of delicient rainfall, howevei-. Extensive coi-rasion is shown 
along the beds of the streams that rise at a distance in snow- 
clad mountains. Only a small part of the plateau as yet has 
been removed, and large ai-eas show but little signs of dis.sec- 
tion. In other parts, however, such as the "Land of Standing 
Rocks," denudation has been enormous, and only the towei's of 
harder rocks remain. A complex dissection may be seen in vari- 
ous parts of the Appalachian highlands. Hei-e, because of a 
greater rafnfall, the streams have formed a network of canons 
throughout the i'egi(jns. 

" Sucli formations are very connuon in the lava-covered regions 
of the Sierra Nevada and Cascade Mountains ; they are also found 
in the Piedmont lands of western Texas. 

'"There are many examples of isolated peaks, or "monad- 
nocks," in those mountain-ranges that have been very greatly 
worn. Mount Holyoke is one of several examples in Massachu- 
setts. It Ava.s not tin-own up in its present form ; on the con- 
trary, it was left when the I'est of the i-ange, being softer, was 
worn away. Mount Monadnock, New Hampshire, is a similar 
example. Isolated ridges or ranges are more common, and ex- 
cellent examples may be found in the (treat Basin, 

" Not only w(ii-e the deposits that became sedimentary rock 
thicker before the folding took place, but they were ]uade .still 
thicker by side pressure and crinupling. 

'" At the mouth of evei'y canon there will he found a, faii-sha|ied 
pile of coai'ser njatei'ial called tdliis. A pile of talus is usu;dly 
found at the bottom of every stee)), i'(.)cky cliff. 

'■■' A large part of Rhode Island an<l ('onnecticut constitutes the 
base of an ohl jnountain highland that has been worn down al- 
most to sea- level. 

"Both valleys have been modilied by water, the depression 
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liavinj,' been sul)merged, p;irtly filled with scdimeut, and re-ele- 
vated. 

" It is iKit unlikely that the i)rocess has Ijeen more complex, 
and that periods of elevation have alternated with those of rest. 
Old shorelines and deposits of river gravel occur all along the 
lower river. The numerous clay banks seem also to have been 
tleposited by slack water. The lower part of this valley is now 
practically an estuary. 

'"Among the famous passes are Argentine, 13,100 feet, the 
highest wagon road pass in the world ; Blarshall Pass, 10,900 
feet, one of tlie highest railway passes in the world ; Alpine Pass, 
18,550 feet, and Mosquito Pass, 13,700 feet — all in Colorado. Sim- 
plon, St. Bernard, and Brenner are famous i^asses across the Alps, 
and for centuries they have been highways of commerce. A rail- 
way pass across the Andes is nearly 14,000 feet above sea-level. 

In many instances the pass is not fully surmounted ; instead 
of building the railway over the divide, it is more econonucal to 
construct a tunnel under it. Some of these tunnels are marvels 
of engineering skill. St. Gotthard and Mont Cenis tunnels 
through the Alps ; Hoosac tunnel through the range of the same 
name in Massachusetts ; San Fernando turmel, in California ; 
and the tunnel of the Transandine Railway are examples : each 
is one mile or more in length. In other cases the railway sur- 
mounts the range by a series of long and intricate loops, la-ossing 
and recr<jssing itself through tunnels that often are sharply 
ciu'ved. Near Caliente, California, the Southern Pacific Rail- 
way is built in sinuous loops aggregating alwut twenty miles in 
order to cross a divide scarcely two miles from the head of the 
valley. The famous lof)ps of the Colorado Midland over Hager- 
mans Pass is also a well-known example of the railway builders' 
skill. 



CHAPTER V 



DESTBUOTIVE MOVEMENTS OP THE ROCK ENVELOPE: 
VOLCANOES AND THEIli PHENOMENA 

Of the vaiions jilienomeiia that attend cliaiic;e« in the 
levol of the rock envelope, two of tliem, volcanoes and 
earthquakes, are noteworthy because the results are more 




VESLIVILIS, A T-lPICAI. CINDER CONE 
From ,1 mojcl. -, ~lfl,-, I'Tf.iinn'lh. 



or less destructive. In the one case, great quantities of 
molten matter are ejected from fissures or vents, covering 
very large areas ; in the other, there is a movemout at 
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some part or otlier of the rock envelope, so sudden that a 
tremor, or even a severe shock, occurs. 

Volcanoes. — A channel or vent lu the rock envelope 
from which great quantities of steam and molten rock are 
ejected constitutes a volcano.'^ In most instances a great 
deal of material, in the form of clots of half-molten rock, 
fall about the vent and build up a conical pile, sometimes 
called a "volcano," but more properly, a cinder cone. At 
the top of the latter is a cup-shaped depression called the 
crater or, if very large, the caMera.'' 

Volcanoes showing any display of energy are said to lie 
active, quiescent, or inactive, according to the character of 
their energy ; those in which all signs of activity seem to 
have disapjjeared are said to be extinct/' In a few in- 
stances the activity seems to be continuous. Thus the 
caldera of Mauua Loa nearly always contains lava in its 
molten condition, and Stromboli, " the Lighthouse of the 
Mediterranean," has been a mariner's beacon for more 
than two thousand years. Most active volcanoes, how- 
ever, are intermittent in action, alternating their eruptions 
with long periods of rest. 

Phenomena of Eruption. — In certain respects all vol- 
canic outbirrsts are similar ; that is, lava and steam are 
ejected from a subterranean source, and the matter ejected 
is forced out of a vent or channel in the rock envelope. 
Beyond this, how-ever, the various types of eruption have 
but little in common. In most cases the erirptions are 
very destructive. Frecjuently they are preceded by earth- 
Cjuakes, though these warnings are by no means always 
present. Generally they begin with explosions that rend 
the top of the cinder cone in fragments. In some instances 
the plug of hardened lava that filled the channel is blown 
out, but Cjuite likely a new channel is formed at the one 
side or the other.'' 
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A vent ouce made, the water tliat liad accuiunlated aliout 
the ciuder coui', together with mud and fragnieutK of r(j(']c, 
are lurried upward ; an oirtrush of steaiii mingled with 
mud ajid rocjc waste follows, and a elond of inky Slackness 
quickly envelopes the cone. The cfindensing stearn, with 
"which sulphureous vapors are sometijues mingled, produces 
heavy rains ; and if suljdiur gases are present, the rain 
may become so corrosive that vegetation is blighted and 
in many instances the crops are d(;stroyed/' 

A flow of lava follows. At first the lava is ejected witli 
almost explosive violence, but after awhile the flow be- 
comes steady and 
regular.'' The 
ejection of mate- 
■xry-j- rial takes place, 
'^-% not only at the 
main vent, Ijut at 
the score of new 
iDhAL shciioN OF A voij:an(i oues lornieu on 

Minor cruplwn'. arr lakiiii; place tbroiigh fi^^urr^ III Ihr flaiilii tllC flailks of tile 
of the ctttilcr iCf/?f, building parasitic cijnr^. 

old. At each vent 
small rii.oni levies, or '/xi.rasi/u; cones, are f[uickly formed, 
and the eruption from them does nc^t differ materially from 
that at the main vent. 

Vijlcanoes such as Stromboli display but comparatively 
little explosive energy. Fr(jm an overhanging crag of 
this volcano the eruption may be safely studied. At inter- 
vals of fifteen or twenty minutes a gigantic bubble begins 
to fornr in the caldrcjn of seething lava. In .1. few mo- 
ments it rises to the top and bursting, hurls a shower of 
lava clots into the air.' The eruptions of the Hawaiian 
volcanoes are materially dift'erent from those of the Strom- 
b(jlian or the Vesuvian ty])e. Instead of the intermittent 
bubbles of Stromboli, or the violent outburst of Vesuvius, 
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the lava rises in the cahlera until it overflows the lowest 
part of the riiii.** The flow of lava — often an enormous 
quantity — continues for several daj's, or perhaps for sev- 
eral weeks, and then subsides as quietly as it began. 

The fissure eruptions that occiu'red in previous geologi- 
cal periods seem to have somewhat resembled those of the 
Hawaiian volcanoes. In these eruptions there were ap- 
f)areutly none of the phenomena that mark outbursts of 
the Vesuvian type. Great fissures wei-e formed, and 
through t h e s e 




the lava was 
forced.' In some 
instances there 
was an enormous 
flow of lava ; in 
others the lava 
merely filled the 
fissure and hard- a laccolite 

ened, leaving ^4 sccIioh Ihrongh one of the Henry Mountains. The dotted 

tines indieeitc tl?e strata removed bv erosion. 

dykes of v o 1 - 

cauic rock. The plains of the Columbia are the rem- 
nants of a flood of lava from fissures in the Sierra Nevada 
mountains. The Palisades of the Hudson form a dyke 
of similar character. 

In a few instances a flow of lava, thrust upward, has 
raised the outer strata of the rock envelope in much the 
same manner that a blister of the skin is formed. No 
extrusion of lava took place, and, as a rule, none reached 
the surface. Irruptions of this kind form what are com- 
m(Hily known as laccolites. The Henry Mountains, a de- 
tached group of knolls in Utah, are examples. 

Products of Eruption. — Excepting the very small 
airiount of sulpluir gases emitted, practically but two sub- 
stances are ejected from volcanoes — steam and lava. In 
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the eruption of Yesiivins that occurred in 1872, it is esti- 
mated that niiiet3-ei!j,ht per cent, of the material ejected 
consisted of steam. From the Hawaiian volcanoes, how- 
ever, the matter thrown out consists almost wholly of 
great quantities of lava. 

The term larii includes ever}' forjn of molten rock of 
volcanic origin. Lavas, therefore, differ not onlj in ap- 
pearance, but in chemical ct)mpositiou as well. In many 
instances the lava resembles furnace slag, and has about 
the same composition. Hometimes it is vesicular, or 
sjiougy ; pumice-stone, or " volcanic froth," is so porous 
that it floats on water. Obsidian, or " volcanic glass," an- 
other form, does not difler materially from black bottle- 
glass. The sponge-like clots of lava that accumulate aboiifc 
volcanoes form tscoria ; they are suggestive of furnace 
" clinkers." 

A misunderstanding of volcanic phenomena has led to 
the adoption of certain names that often give erroneous 
ideas of volcanic action. There are no " flames " about 
volcanic outbiirsts ; the so-called flames are merely the 
reflection of the white-hot lava from the under surface of 
the dense clouds of steam. ^^ " Smoke " is also absent, 
except as the clouds of dust and steam can be thus 
called. Volcanic " ashes" are not ashes at all ; they e(Ui- 
sist merely of finely divided lava. It is thought that this 
form of lava results from the action of steam which, forced 
through the lava by intense pressure, carries nnich of it 
along in a fine, powdery state. 

Most lavas are readily decom[K)sed by the action of air 
and moisture, and the Hawaiian lavas make excellent soil 
in the course of a very icw years. The economic value of 
lavas, thcrefdre, nuiy be considerable. Sulphur, or " brim- 
stone," is a common mineral in and about the craters of 
volcanoes. It is formed by the action of certain sulphur 
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gases that, on mixing, decompose each other and deposit 
the siiljihur in tlie.shape of crystals. 

Nature of Volcanoes. — That the cause of volcanic ac- 
tion is due indirectly to the gradual shrinkage of the crust 
of the earth is admitted by most geographers. To what 
extent the process of contraction becomes a direct cause, 
however, is a matter of uncertainty, and one upon which 
there is a great diversity of opinion. It is generally con- 
ceded, also, that the material ejected comes, not from an 
assumed "liquid interior" of the earth, but is formed 
at a very moderate depth below the seat of eruption. 




A, a dyke; B, E, subterranean tntrnsions: C, a enuier eoue; 
G, granite eore of a range. 



Various theories have been advanced to account for the 
possible causes of eruption, but of these only one or two 
are supported by positive evidence. The pressure that 
results when the rock layers fit themselves about a shrink- 
ing interior is sufficient to heat the parts upon which the 
pressure is exerted, far beyond the temperature of fusion ; 
and if a break or fracture takes place, the pressure being 
relieved at that point, the superheated rock at once 
liquefies and is forced out of the fissure. The intrusion 
of water upon molten matter undoubtedly causes the ex- 
plosive features of the eruption, but it is improbable that 
this is the prime cause. 
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In a few instances there seems t(i be more or less re- 
lation between voleauio vents situated at no great dis- 
tance from one another. Thus, while Vesnvius was so 
long inactive, Epomeo on the island of Ischia. was active ; 
but after the eruptions of Vesuvius began again, Epomeo 
became dormant. A similar condition possibly obtained 
in past times, for the Phlegrean Fields, an area south of 
Vesuvius, is honeycoml)ed with old craters through whicli 
eru2)tions took place at successive intervals. 

The same phenomenon is (.)bserved in the case of the 
Hawaiian and the Ecuadorean groups. Activity is us- 
uallj' confined to a single caldera, and if this becomes 
dormant for any length of time the seat of activity is 
transferred to another vent. In the cases of the Italian 
and the Ecuadorean groups, the cessation of all activity is 
usually followed by a period of frequent and destructive 
earthquakes. 

Results of Vulcanism. — Notwithstanding their stu- 
pendous display of energy, the physiographic effects of 
volcanic outbursts are comparatively unimportant, and as 
a rule they are confined to the vicinity of the vttlcano. 
The most noticeable feature is the cone or dome that pop- 
ularly is called a volcano or volcanic peak. Each volcano 
builds its own cone, and in many instances the cones 
have been built along the folds of mountain-ranges. In 
several cases th(\y have been formed successively along the 
line of the fold at no great distance apart. 

The lava usually collects at the vents, extending later- 
ally outward, and at the same time building the cone high- 
er and higher. The successive eruptions of the calderas 
of Hawaii have formed a mass 14,0()0 feet high that covers 
an area as hirgo as the State of Connecticut. Most of the 
volcanic mountains of the Hawaiian Islands are dome- 
shaped rather than conical, the shape resulting from the 
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very liquid condition of the lava and the absence of ashes 
and scoria. 

Some of the lava flows of the Iceland volcanoes have 
been extensive. Of the thirteen or more cinder cones in 
the island Hekla and Skaptar Jokul are the best known 
because of the frequency of their eruptions. In 1783, 
there occurred a flow of lava from the latter that contin- 
ued for two years. Two streams flowed in nearly oppo- 
site directions from the crater, one forty, the other flfty 
miles in length. More than 1,000 square miles in area 
were covered by the lava. A score of villages was swept 
out of existence. Streams were dammed by the lava and 





A LAVA FLOOD, HAWAIIAN ISLANDS 



their floods added to the destruction. Thousands of cat- 
tle were killed, and a large part of the population jDerished 
in the famine that resulted from the eruption. 

The ashes sometimes accomplish more ruin than that 
which results from the lava flow and the corrosive rain. 
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Herculaiieuni aiul Pompeii wore ilestroycd by th(^ erni> 
tiou of Yosnvius a.i>. 79. Pompeii was covered with loose 
iiKiterial, aiul imicli of the city lias been excavated in re- 
cent years. Hercnlanenin received a heavy fall of rain 
m addition to the ashes, and the latter were cemented 
into a tolerably hard rock. 

In niau_y instances the ashes have been hurled to a great 
distance, being in part carried by the wind. During the 
eruption of Tomboro, in Sunda Strait, dwellings forty 
miles distant were crushed and large areas of forestry were 
destroyed. Similar, but more api)alling etiects resulted 
from the eruption of Krakatoa, also in Sunda Strait. The 
explosions lasted for two days and culminated with the 
disappearance of half of the island. Forestry- seventy-live 
miles away was crushed by the falling mud and rain, and 
the tine material covered the city of Batavia to a dej^tli of 
several inches. Some of the lighter dust was carried by 
the wind to a distance of more than 1,000 miles. 

Islands are both formed and destroyed by the outbursts 
of marine volcanoes. Off the coast of Tunis, near the 
site of Carthage, a reef called Graham's Island Avas formed 
during an eruption, and remained in existence for several 
years. It then gradually settled lielow sea-level and dis- 
appeared. Several new islands apjieared in the group of 
the Azores, during eruptions, but they gradually disap- 
peared. A more remarkable case is that of Santorini," 
an island in the Greek Archipelago, which was formed as a 
result of eruptions. It is now inhabited. 

Fissure eruptions are noted mainly for the enormous 
flows of lava. From one or more of these fissures in the 
Sierra Nevada ranges there occurred a flood of lava that 
covered more than one hundred thousand square miles. 
Large areas of California, Oregon, Washington and Idaho 
were engulfed, and in several places the Columbia River 
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was pushed out of its channel. In many phices small 
cinder cones have been formed on the surface of the 
lava, each being an eruption upon an eruption. In places, 
the sea of lava is nearly four thousand feet deep, and the 
average depth is not far from one thousand feet. 

Viilcanism seems to be a trustworthy index of iirocesses 
going on within the earth's crust which affect the level of a 
region. Careful measurements have shown that, in regions 
of volcanic activity, an elevation of the surface is taking- 
place. Thus, along much of the Mexican and South Amer- 
ican coast, where volcanic forces are active, upheaval is 
taking place. In the South Pacific Ocean, on the con- 
trary, where vulcanism seems to have recently ceased, 
there has been a considerable subsidence. It cannot be 
said with certainty, however, that these are matters of 
cause and effect. 

Distribution of Volcanoes. — Volcanoes are commonly 
found along the lines of the j'ounger mountain folds, and 
they are almost always near the sea. The Pacific Ocean 
is nearly girdled by chains of mountains that are com- 
paratively young, and in these folds are situated a majority 
of the active and dormant volcanoes of the earth. 

Another short chain extends along Java and the re- 
maining Sunda Islands to New Zealand. It contains 
about one hundred active and dormant volcanoes, and is 
the chief seat of volcanic activity on the earth. The Ha- 
waiian group is about the only one situated in mid-ocean. 
In what direction does it extend ? This chain is about a 
thousand miles long. The seat of activity, however, is con- 
fined mainly to the island of Hawaii, on which there are 
three calderas — Kea, Loa, and Kilauea. 

A chain of volcanic islands extends from Jan Mayen 
island through Iceland, the Azores, Canary, and Cape 
Verd Islands, southward as far as Tristan da Cunha. An- 
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other extends tbroTigli the West Indies, but it contains no 
volcanoes at present active. Graham Land, in the Ant- 
arctic Continent, contains at least two volcanoes that 
have been active in recent times. 

Among American volcanoes the Peruvian and Ecuado- 
rean groups are famous for their great height. Name three 
of them. The Mexican group contains four of interest, 
because the_y are so far inland. Find them ; in what 
direction does the line extend? They are active or quies- 
cent at short intervals. 

The North American group contains a great many 
dormant and extinct cones ; but at least four — Shasta, Ta- 
coma (or Rainier), and Lassen must have been active at 
no greatly remote time. A small cone near Lassen Peak 
has been in eruption Avithin fifty or sixty years, and the 
stumps of trees, many of them in a good state of preserva- 
tion, are still protruding through the sheet of lava. 

Cinder cones and volcanic " necks " are abundant all 
through the plateaus of the ^Vestern Highlands. In Ari- 
zona there are several hundred. One of the most imposing, 
San Francisco Peak, has been in erudition within recent 
times. In New Mexico there are also many small cones. 
Almost all the high peaks of the Cascade and Sierra Ne- 
vada ranges are cinder cones. 

The Aleutian group contains about thirty cones, quies- 
cent and active. One of these, Bogoslov, north of Una- 
laska, has been in eruption almost constantl}- since 1880. 
Many of the peaks of the West Iiidies are cinder cones, 
but none has been active in recent times. The remains of 
old cones are abundant in the Appalachian and Laurentian 
Mountains, but they seem to have been extinct since early 
geological times. One of them. Mount Koyal, has given 
to the city of Montreal its name. 
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QUESTIONS AND EXERCISES.— Explain the nature of the so- 
called smoke, flames, and ashes of volcanic eruptions. Why are these 
terms inapplicable ? 

Prepare a written description of the geographic distribution of vol- 
canoes, taking into consideration their position with reference to moun- 
tain-ranges, proximity to the sea, latitude, and situation with reference 
to continents and islands. Consult the map, p. 92. 

Note the features in the diagram, p. 88, and prepare a brief descrip- 
tion of the various ways in which lava is extruded. 
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NOTES 

' The channel or tube is the essential part of the volcano, and 
the " mountain " or cinder cone is merelj' an incidental feature. 
The latter is rarely absent. 

■" The craters of the earth are exceedingly .small, compared with 
those of the moon. Terrestrial craters are rarely more than half 
a mile in diameter ; lunar craters, on the contrary, frequently ex- 
ceed twenty or tliirty miles in diameter ; Tycho and Copernicus, 
are each more than forty miles. 

' As a rule, such volcanoes are rarely distinguishable, except by 
most careful investigation. Usually the cone has been almost 
obliterated, nothing remaining except such masses of lava as are 
not easily altered by the action of moisture and atmospheric ele- 
ments. Mount Tom, Massachusetts, is an excellent example 
of an old volcano. 

' The eruption of Vesuvius in 17.o6 took place, not at the former 
crater, but a little to one side. One of the old crater walls re- 
mained standing, and for many years was called Monte Summa. 
During the eruption of 1873 a large number of vents was formed. 
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and the flanks of the mountain were dotted with monticules. 

Professor Pahuieri, whf) remained in lii.s observatory on the 

mountain during; the 

entire period, said that 

the whole side of the 

cone "seemed to sweat 

fire at every pore." 

' The sulphur com- 
pounds combine with 
the steam, making sul- 
phurous acids, and not 
infrequently the acid 
dissolved in the rain is 
strong enough to de- 
stroy vegetation. 

° It behaves exactly 
astliough it were forced 
out by gases under ex- 
treuiely high pressure, 
the elasticity of the 
medium tliat consti- 
tutes the power being 
the most noticeable 
feature. 

' The lihenoniena are 
.'■imply those exhibited 
by a viscous body in a 
illustrated in the 
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state of slow boiling, and are perfectly 
low cooking of oatmeal. It is a significant 
fact that when the l)arometer is low, the level of the hiva is 
higher than at other times. 

' There is evidence of the presence of gases in the Hawaiian 
lavas, not under pressure and endeavoring to escape, but in a con- 
dition of absorption or occlusion. Occasionally, clots of lava are 
shot into the air, and as soon as the ejected mass perceptibly cools, 
its absorptive power is lessened, the escaping steam or other vapor 
blowing the viscous lava into tlie fine, tenuous threads known as 
" Pele's hair. " The threads thus formed are so gossamer-like 
that they are carried a long distance by the wind. 

' There is a tendency to consider the vulcanism of past epochs 
as crater eruptions only. That such eruptions have occurred in 
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prior epochs oannot be denied ; ol<l craters and the lava pUips 
that filled tlieiu are found in g-reat nnuibers in many parts of the 
earth. Most, if not all, of the ^n-eat lava Hoods, however, came, 
not from craters, but from Jissiinn. No crater in the world is lai-ge 
enough to have ejected a lava ilood in the manner in which that 
of the Oregon and Washing'ton flood was spread, ('alderas like 
those of Hawaii would have Imilt u|i a dome-shaped mass of 
ejecta. The lava flood in question was a sliett. It could have 
come from nothing l:)at a fis.snre, and the fissure must have been 
many miles in length. Cinder cones and craters are found here 
and there on the surface of this vast sheet. In each ca.'ie the cone 
and its crater represent a volcano that formed on the lava flood 
after the sui-face had hardenetl. This fact indicates that vulcan- 
ism occurs .just as readily with a siiprainoiiliuw as a siih-nioiiii- 
fa/ii reservoir. In many instances there has been nothing more 
than a mere filling of the fissure — an iiitnisioii ot lava, but no e.v- 
trusion. Not infrequently the upper edges of the fissure walls 
have been worn away, leaving the harder volcanic rock in the 
form of a rid.ge or dj'ke. The Palisades of the Hudson are an ex- 
auiple. The Devil's Slide, in Weber Canon. Utah, is also an illus- 
tration. In this instance there are two dykes about twenty feet 
apart, the groove between them being of softer rock. 

'"This may be illustrated by a. very famili.ar example. When 
a train of railway coaches passes through a long tunnel, a flood 
of mellow light now and then illuminates the tunnel and the in- 
terior of the coaches. The light comes from the fire-box of the 
locomotive. When the furnace door is opened the light of the 
glowing coal is rellected from the steam that fills the tunnel. 
Each globule of water dust is a tiny mirror, and as .a, result the 
tunnel is fiooded with light. In the case of the voU'anic "tires" 
the light is retiected from the under side of the cloud of steam. 

" This island, better known as Thera., is a few miles nortli of 
Crete. According to one myth it grew from a clod of earth hurled 
from the ship Argo ; according to another it was the product of 
sulimarine fires. Hoth legends are a. testimony to its volcanic 
origin. The tofiography of the island was considerably altered 
by an eruption th.at occurred in 18U(!. The area covered liy ashes 
and scoria (piickly became cultivable, and has since added no lit- 
tle wealth to the island. 



CHAPTEE VI 

DESTKUCTIVE MOVEMENTS OF THE BOOK ENVELOPE : 
EARTHQUAKES 

KiGiD and solid as they seem, the substances that form 
the rock envelope are more or less elastic. This is notice- 
able when an underground explosion * occurs, or even when 
a very heavy weight falls to the ground ; the latter trem- 
Ijles for an instant, causing a slight shock. 

Any instantaneous disturbance, therefore, such as a sub- 
terranean explosion, the collapse of a cavernous space, or 
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the sudden l^reaking of strata, causes a vibration or trem- 
bling of the surrounding rock. These tremors or earth- 
quakes may be perceptible for several seconds, or even 
for so long as a minute. The shock, moreover, may in- 
volve an area of several thousand square miles. 

Nature of Earthquakes. — No matter how far below 
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tlie surface of the rock envelope the centre of the clisturh- 
auce may ].)e, as soon as the vilirations reach the surface 
they behave just as ilo the circuhir Avaves that form when 
a stoue is tin-own into still water.' In the diagram on 
page 95 the shock originates at O ; at what place will the 
resulting wave have an up-and-down motion ? These are 
called rertic(d waves. As the successive waves move out- 
ward, little by little the vertical movement gives place to 
one that is both horizontal and progressive, and the latter 
maj' be called a horizontuHy j^royressive wave. At what 
part of the diagram are the waves most nearly horizontal? 
U'here do they partake both of the vertical and the pro- 
gressive character ? ^ 

The eft'ects that have been observed, however, indicate 
that the tremors or vibrations do not always spread out so 
evenly from the centre of disturbance as is the case with 
the v\'aves resulting when a stone is thrown into water. 
Some kinds of rock seem more elastic than others, and so 
the concentric waves, instead of remaining circular iu form, 
become irregular iu shape. If the waves of water strike 
an unyielding surface, they are redected, the reflected 
wave often crossing the original at oblique angles. Eock 
waves, it is thought, are similarly reflected, and some- 
times they produce eftects that would seem as though 
there had been a vorticose, or whirling movement.'' 

Although the surface waves of earthquakes bear a close 
resemblance to the circular Maves formed by drojiping a 
stone in water, it nmst be remendiered that they dift'er 
greatly in velocity and energy. The latter progress only 
a few yards a minute ; the former have the velocity more 
than double that of the swifti'st projtH'tile tired from a 
nujdern gun, travelling at a rate that varies from thirty 
to forty or more miles a minute.' The velocity of the 
wave depends partly on the elasticity of the material 
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through which it travels, and I3artl3' on the energy with 
which it is propagated. In hard, crj'stalliue roclv it travels 
rapidly aud extends a great distance ; in saud and loosely 
coherent rock the velocity is much slower, aud the waves 
quickly lose their 
energy.^ 

In the case of se- 
vere earthquakes a 
series of shocks fol- 
low one upon another 
with increasing in- 
tervals of time/' The 
first shocks are com- 
monly the most vio- 
lent. The duration 
of the shock is not 
perceptible to the 
senses for more than 
four or five seconds, 
but careful measure- 
ments by the seismo- J 
graph, an instrument 
for the detection of 
shocks, show that it 
may last for more ^ Rock column likely to be overturned 

■^ . [iY AN EARTHQUAKE 

than a mmute. In 

many instances a T" nek haihnkc,, at,:,y fro,,, u,,- ,-/,/, spt,iii„f( „io„f; a 

aatiirallv fotnicd plane, ^tyck zvaitc. falling ijilo tl,c 
shock seems to con- a-cv,c,\'l,a^ heroine iatii,-atrd with water, wlucll by fm-{- 

ing, lia^ expanded and pushed tile mass farther aud 
Sist of a Sino'le Vio- farther fre,m the eliff. 
o 

lent thump.' 

The focus of the shock may vary from a short distance 
to several miles below the surface of the earth. The 
average distance is not far froui six miles. The area 
involved in the earth-waves may be either circular or 
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elliptical.' The diameter of the area seklom exceeds oue 
tlionsand miles.'' 

Attending Phenomena. — Earthquakes are frequently 
attended by sounds. Sometimes the lattt'r resemble low, 
rumbling thunder ; nmre commonly, however, the noise 
is like that produced when a heavily loaded Avat;ou goes 
rapidly do^^'u a gravelled incline. 

In the great majority of earthquakes the effects are 
n(jt severe ; they rarely extend beyond the stopping of 
clock pendulums, and the swinging of chandeliers, or the 
breaking of delicate substances. In severe shocks the 
walls of houses are wrt-nched and cracked, and the ground 
is fissiu'ed. In disastrous shocks buildings are shattered 
and the stirface of the earth is seamed with deep fis- 
sures and chasms. In several instances lakes '" have been 
formed or, perhaps drained, and stream channels changed. 

If the centre of the shock is in or near the ocean it is 
commonly followed by a series of gigantic waves, incor- 
rectly' called " tidal '" waves. Following the Lisbon earth- 
quake in 1755, enormous waves rolled in from the sea, and 
wrecked whatever the earthquake had left." The ocean- 
waves that followed the earth(]uake at .Vrica, rem,'- car- 
ried the United States Steamship /)'<'/( rec nearly seven 
miles inland, leaving her stranded in a dry stream bed. 

Cause of Earthquakes. — It is generally believed that 
earthquakes are the result of sindhir, but very rapid 
movements of the rock envelope that fold the strata into 
mountain -ranges and f(n-ce molten hua from volcanic 
fissures. If the strata are slowly bent, no vibratory etl'ect 
is noticeable, but if the strain increases until a, fracture 
or a collapse takes ])lace, tlie shock produces the vibra- 
tions that constitute the eartlupiake. 

When fissures are formed, usually t)ne wall slips ui>ou 
the other, so that the two edges are no longer in the same 
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level.'-' The resulting inequality is called a fauH, and 
wherever such faultiugs are luuud, they indicate, if not 
an earthquake, at least a surface disturbance. The ex- 
istence of such faults, therefore, is evidence that the outer 
shell of the earth is constantly under stress" at some 
point or another, and that the release of the strain jjro- 
duces the earthcjuake. 




AN EFFECT OF THE EARTHQL'AKE AT CHAKLESTOWN 
The crack ichcit first formed was ahoid two feet wide. From a pl.'otoirraptj. 

Distribution and Occurrence of Earthquakes. — No 
part of the earth is free from earthquakes, and recent oVi- 
servations have shown that, in some part or other, they 
are of almost daily occurrence. As a riile, howevei', they 
are so feeble that scarcely one in fifty is noticeable, or 
even perceptible, without the aid of instrumental measure- 
ments.''^ 

As in the distribution of volcanoes, earthquakes are of 
more frequent occurrence in younger mountain -ranges 



100 PIIYsrCAL (!K()(!1;AI'I[Y 

tbau iu the dldor olios. T]u\v aix^ still loss frocinciit in 
plains, unless tlio latter are uniloi-t;tiinu; a jn'oocss of njilil't 
V Jejiirssiou. Tliev also accompany most volcanic dis- 
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The study of several thousand eartluiuakes shows that 
shocks are a little more fretpient when the earth is nearest 
the sun, and that thev are also more prevalent when the 
moon is nearest the earth.'' An explanation for this is 
not hard to find. Owiui;- to the tendency to adjust itself, 
some part or other of the rock enveh)pe is constantly under 
an increasing stress. 15ut when the earth ai>iiroaches 
either the sun m- the moon, the increased mutual attrac- 
tion adds its force to the strain ; the latter is overcome, 
and a shock results. 

QUESTIONS AND EXERCISES.— If you live in the vicinity of a 
body of water, study the waves that form when a good-sized stone is 
tossed so that it falls vertically into still water. 

What is the relative position of the vertical and the horizontally 
progressive waves ? Repeat the experiment until the results obtained 
are familiar. 

If possible, clamp a brass or metal plate, about a foot square, to a firm 
table, so that the clamp holds the plate at its centre. Sprinkle dry 
sand on the plate and draw a violin bow across the edge. From the 
figures produced by the sand note the direction and character of the 
vibrations. 

COLLATERAL RKAIMNU AND REFERENCE 

RocKWOon. — Notes on Anierioan Eartluiuakes. 

Sh.VLKR. — Aspects of the Earth, pp. l-4ri. 

Lk Contk. — Eleuieiits of (ieoloyy, pp. 154-171. 

NOTES 

'Thus, the explosion under Flood Rock, for the purpose of 
clearing' and widening;' fh'll (Jatr ('liaunel, proihiced an earth 
sh!>ek that diU'eri'd iu no niatei'ial prineipk' fi'oin tho.se produced 
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by natural causes. The earth shock resulting; from this explosion 
was recorded at a distance of nearly forty miles from Hell Gate. 
The vel(,)city of the wave varied from 5,000 to H,()00 feet per 
second in the vicinity of the explosion. 

'' The vibrations as they form underground are spherical Avaves 
and much lilie those formed in the air by the discharge of a fire- 
arm or the ringing of a Ijell. When the waves reach the surface 
of the rock envelope they spread out in the form of circular 
waves. 

' 8uch waves have a terrific shattering force ; but those in 
which the horizontal and vertical components are eomljined are 
even more destructive : they not only shatter, Ijut tliey produce a 
rocking moti(jn as well. Vertical vibrations may only shatter a 
Ijuilding ; a "roller" will not only shatter, l)ut overthrow it. 

' It has been calculated that the amplitude, or up-and-do\\n 
motion, rarely exceeds one-quarter of an inch in height ; and or- 
dinarily, in severe .shocks, it is seldom more than one-twentieth 
of an inch. The horizontal oscillation is scarcely more than half 
an inch, and even when it is not more than half as much, the 
shock has considerable shattering power. 

"During the earthquake at RioV)amba, Ecuador, a vertical 
movement of more than two feet is said to have been observed. 
The statement, however, is not considered authentic. At all 
events, the energy was sufficient to hurl heavy objects a hundred 
feet into the air. The bodies of men were thrown several hun- 
dred feet across the river. 

"At St. Thomas, one of the Lesser Antilles, the shocks of 1868 
aggregated nearly three hundred in number. The earthquakes 
that shattered !San Salvador, the capital of the State of Salvador, 
lasted for about ten days. The Charleston earthquakes did not 
cease for nearly a month, and a hundred similar instances might 
also be added. All this accords with the well-known law that a 
mass of rock envelope, in changing its foundaticms, cannot adapt 
itself to its new position at once, but does .so little by little. 

■' Many of the California earthciuakes are of this character. 

° The elliptical form is e.specially noticeable in mountainous 
areas, and in nearly eveiy instance the major, or long diameter 
of the ellipse, coincides Avith the trend of the range or sj'stem. 
The reason therefor is the fact that the strata of rock are more 
elastic along than across their uiasses. 
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" 111 several instances, however, the area involved has far ex- 
ceeded this. Thus the shock that in 1T55 destroyed Lisbon was 
felt at a distance of al)Out twenty-live hundred iinlcs. The sea- 
wave is propagated to a much j^^reater distance. 

'" The earthquake that destroyed the city of San Salvador hroke 
down the rim of a small lake and drained it. The famous earth- 
cpiake of New Madrid, Missouri, chanfj;ed the level of the land to 
such an extent that a permanent swamp was formed in hind that, 
before the shock, was high and dry. This area has since been 
known as the "Sunk Rejjion." Purint;- the severest shock the 
current of the Mississippi is said t<.> have Ix'en temporarily re- 
versed ; that it was greatly disturbed is shown fiy changes in its 
channel occurring at tliat time. Keeltoot Lake, in Tennes.see, was 
considerably enlarged at the same time. 

" ProV)ably the most disastrous Avaves ever known to written 
history, however, followed this earthquake. After the town had 
been felled by shocks so terrific that thirty tliousand people 
lierished, most of the survivors took refuge on the massive sea- 
wall. Hardly had they reached it when the water began to re- 
cede, leaving the harbor dry. Then an enormous wave, sixty 
feet high, rolled in and c-ompleted the destruction, and thirty 
thousand more lives were swept out of existence Viefore the 
waves ceased. At Cadiz the waves were thirty feet high, at 
Madeira eigliteen, and along the Irish coast they were four or 
five feet in height. 

• '- The sea-wave resulting from this earthquake crossed the 
Pacific Ocean and was recorded at Yokohama, Japan, twenty 
hours afterward. On the .Vmerican t'Oast the wave was observed 
as far north as Alaska, and to the eastward as far as Australia. 
The earthquake that in 1854 devastated a part of .Japan was fol- 
lowed by a destructive wave. At Simoda the wave was thirty 
feet high ; at Peel's Island, one thousand miles away, it was 
fifteen feet ; on the California coast it was from twelve to 
eighteen inches in height. 

" The destruction of Babispe, a. small village in northern Mex- 
ico, is an excellent illustration. This disturliance, alleged to be 
a volcanic eruption, was in reality nothing more than a severe 
eartluiuake that levelled the buihlings of the town. During 
the series of shocks a fissure was made, extending several nules 
in length, and when equilibrium was restored, the fissure had be- 
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come a fault — fine side or wall being, in places, fi-oui ten to four- 
teen feet l)elow the other. 

'■" At J\[onson, Massachusetts, the rock in the yranite quarries 
usually exhilfits signs of heavy strain. Professor Kiles oljserved 
that pieces, before their ends had been detached, Avere split along 
a horizontal plane and lient ujjward at the middle. (Jne mass, 
measuring o.jl x 11 x 3 feet, increased an inch and one half in 
length after it had been detached. These facts indicate the enor- 
mous pressure to Avhieh rocks may be subjected ; incidentally 
they show that even the hardest rocks are decidedly elastic. 

''- An instrument for measur/'iiiy any of the elements of an 
earthquake shock is called a seismometi^r ; if it merely records a 
sh(K'k it is a seismograph. The horizontal element of the shock 
is recorded by means of a delicate pendulum carrying a pencil or 
stylus. The Jar sets the pendulum in vibration, and the pencil 
records the direction of the oscillations. 

"The sudden formation of gases on their rapid motion from 
one part of the volcanic district to ancjther, will account for 
earth shocks at such times. 

" Of a total of 304 shocks, 147 occurred in the Atlantic High- 
lands and Coa.'it Plain, 06 in the Great Central Plain, and l.Tl in 
the I'acitic Highlands. These figures luive only an approximate 
value, however, inasmuch as many of the earth shocks occurring 
in the sparsely settled regions of the I'acific Highlands escape 
notice altogether. Of GO shocks recorded in Canada, the United 
States and the West Indies during one year, 34 were in the At- 
lantic slope and the We.st Indies ; 3 were in the Great Central 
Plain ; and 39 in the Pacific Highlands, including Mexico and 
Central America. 
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CHAPTER VII 

THE WASTING OF THE LAND : THE WOEK OF 
EIVEE8 

While various forces are at work wrinkling and folding 
the strata of the rock enyelope, other agents are constant- 
ly at work wearing away those same folds and irregular- 
ities and wasting or degrading the surface of the land to 
its lowest, or base level. 

The principal agent in producing these effects is water, 
in one or another of its different forms. Falling on the 
land as rain it removes fine and loose particles of earth. 
It also sinks into the pores of the rock, perhaps dissolving 
some of it or, perhaps, freezing and breaking off small 
pieces. This process of degradation is called erosion. 
Gathering into swift torrents, the latter cut their channels 
deep into the surface, producing the effects called cor- 
rosion. Flowing against cliffs and banks or, perhaps, 
through underground channels, it saps the foundations of 
masses of earth and breaks them down by undermining. 

Gravitation is an aid in the process of degradation, 
for not only does the water invariably flow downward, 
but the detritus, or rock waste resulting, is likewise mov- 
ing to lower levels. Perhaps, for a time, it lodges in a 
hollow, or basin-shaped dej^ression, until the latter is 
filled ; then the downward progress again begins. Of the 
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water that falls from the elomls npnu the laiul,' some 
evaporates and mingles -with the air : a ]iart sinks into 
the gronnd, tilling np the nndergronnJ ehannels and res- 
ervoirs ; the remainder gathers into channels and tiows 
bai'k to the sea. 

ytreams of water tlo\\ing npou the laud are variously 




THK BEGINNING OF A LOOP— Gl'MBERl AND RI\'HR, KENTOGKY 
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called rills, riviilets, brooks, creeks, and rivers — the name 
usnall}' depending on the size of the stream. The largest 
streams are rirrrs. Almost every river is made up of 
branches and tributaries, and these, in turn, are fed by 
smaller branches — all together comprising the i-irer si/t^- 
ieiih The area drained by the river system is its initer- 
shcd' ov basin, and usually the latter is surrounded by a 
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well-defiiiod height of land, the ridge or divide that sep- 
arates it from adjacent basins. 

In some instances the crest of a mountain-range forms 
a divide, but in very many cases the latter is an almost 
imperceptible rise only a few feet high.' Thus, at Chi- 
cago, the divide between Lake Michigan and a tribu- 
tary of the Illinois Kiver is only ten or fifteen feet high- 
er than the level of the lake. It must be borne in mind, 
however, that a high mountain-range is not necessarily a 
divide, for there are many instances where ranges are 
crossed by rivers. From any good map find the divide 
between the Susquehanna and Allegheny Rivers ; between 
the Great Kanawha and Ohio Eivers. Compare the divides 
with the ranges. 

Physiography of Rivers. — The beginnings of most 
large rivers are high in the mountains, where the rainfall 
is heaviest and the greatest accumulation of snow is found. 
The water that is let loose from a spring or from a 
winter's snowdrift trickles down the slope in tiny rills. 
On their way the rills unite into rivulets and brooks that 
tumble down the mountain slopes in self-made, pebbled 
gullies. 

Other streams join the brook and swell its volume into 
a mountain torrent that rushes down the steep incline, 
cutting its channel into hard rock and tossing to the one 
side or the other the obstacles in its way. Almost alwaj's 
it flows in a deep canon or gorge, the cutting of which is 
the principal part of its work.^ When the stream emerges 
from the mountain caiion it is burdened with rock waste 
brought from the mountain side and, no longer able to 
carry all of this, because of the lessened slope, it drops 
the coarser material, forming a fan-shaped pile. Thence- 
forth, because it is no longer a swift torrent, it cannot re- 
move the heavier obstacles, but must flow around them. 
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Tlio li,^litov rook waste, callod >■<(///;((•»/ or .svV/, ■' is still 
carried bv the Hood of the river. Ti'rhajis a little of it is 
dro]i[ied liere and there, Imt the greater part is borne to 

the eoast plain, 
whieh in many iii- 
s t a n e e s is the 
" ni a d e - 1 a n d 
formed of river 
sediments. After 
reaehing the latter 
the silt is gradual- 
ly dropjied nn t i 1 
the ri\(>r reaehes 
tide-water. Udiere, 
abont all the rest 
of the silt is de- 
posited — eitlu>r to 
be spread out iu 
the form of a delta, 
or to be ]nled up 
near the shore iu 
sjnts and bars. 

It is e vi d en t , 
therefore, that in 
streams whieh are 
degrading tlie^ land three ]iroeesses are nsnallv going on, 
namcdy — corrasion and nndernnidng, tiansportation, and 
deposition. That is, from the moment the water touehes 
the roek envelope it is jneking up ]>artieles of earth ; it is 
carrying them downward ; or else it is drojiping them. 
Whichever it does, depends on the current. Increase its 
yeloeity and tlu^ water will pick up more particles ; de- 
crease the vehHat}' and it will lu\giii to drop them and 
How around them. In the upper, or torrential part, most 
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streams emphasize their right of possession by cutting 
their channels deeper. In the lower course the reverse 
is apt to be true; the stream clogs its channel with silt" 
and is therefore compelled to make a new one on the one 
side or the other. 

In the study of s;ich rivers as the Mississippi the rea- 
sons therefor are not hard to find. Because the slope of 
the plain through which it flows de- 
creases, the velocity of the current is 
checked, and because of the slackening 
current the water is constantly droi)ping 
its load of silt.^ Moreover, when the 
latter has been dropped, the water can- 
not pick it up again unless the current 
is quickened, and nnist thereafter flow 
around it. 

Islands are common in rivers carrj^- 
ing a considerable sediment. The an- 
choring of a snag, or any other ol)stacle, 
slackens the current and causes the de- 
position of silt. The latter increases in 
amount until finally it reaches to the sur- 
face. Then vegetation gets root and an 
island results. 

The river which flows over a decreasing slope has a ten- 
dency, therefore, to form loops in its lower course, and in 
general the loops are long-lived. But when there is a 
succession of years of increased volame of water, the con- 
ditions are changed. Because the volume of water is 
increased the current is quickened, and the water then 
begins to pick up silt that it had previously dropped. 
In time, the neck of the loop is cut aw^ay, and the river 
shortens its channel — sometimes by twenty or thirty 
miles.' The line of moats, or oxbow lakes, along the lower 
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jMississippi inavks tlio old loops ami aliatulonod clianiuds 
aloii;;- this i-ivcv. It is ovidoiit also that (hi' i;voat auiouiit 
of silt removed when a loop is dcstvoved iimst he canic^d 

i'ai'thoidown stroaui and there 
deposited. ITow woidd this 
aheet the livev so far as the 
formation of hars is eon- 
eeniod ? As a mattei- of fact 
the destrnetion of a loop is 
attended by changes in Iho 
ehaimt'l that arc iioticealile 
many miles both above and 
below the loop; and more 
tliau a year elapsed after 
l^avis ent-oti' had formed be- 
iinv till' ehanges ceased. 
If, during a period of sev- 
eral years, there is less than the usual raiid'all, the stream 
will probably increase the amplitude of its loops, and 
even make new ones, ^^'ith the coming of sueeessive 
years of greater rainfall, however, the volume of water is 
increased, the current is quickened, and tlu^ "water be- 
gins to pick up and remove sediment that formerly it had 
lieeu unalde to carr}-. 

Growth and Development of Rivers. — A river ,ind 
its basin do not constitute a fixed, nnchaiiging feature of 
the land. On the contrary, every river passes through the 
various stages of infancy, maturity, and old age ; and i(s 
legitinuito work is to carve away and remove its basin 
until every part is win'u away to base level. The imnnent 
any plain or snrfa.ee — sncli, for insta.nc<', as the I'oast ))lain 
of New Jerst^y — isexi)osed to the action of the we.'ither, the 
water falling njion it begins to form channels" and flow to 
the sea. ISuch a stream nuiy bo called an infant river. 
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At first the stream drains its water-slieJ ver}' imperfectly. 
It encovintevs mauj' obstacles ; aucl if the slope is geutle, it 
finds not a little difficulty in 
making its channel. It is em- 
barrassed by the inequalities t^p legitimate work of a"' 
of the STU-face, and because river 

of them, lakes ami swami)s /' ™mvw//r r,v* ™/. /,™« .-; /.i s .■ 

' _ i -4 B, the old ; it' /.', /*,■ iic-w profile. 

form in the slight depressions. 

The channels are apt to be shallow and the divides between 
the adjacent branches are neither permanent nor well de- 
fined. In consequence, any unusual flood may result in 
the abandonment of an old and the selection of a new 
channel. Red Eiver of the North, is an example of an in- 
fant river. 

As a stream reaches maturity its character is changed. 
The channel is deepened and cut nearer to base level. 
The giillies of the tributary 
streams become ravines and 

many of the latter are sculpt- "^'■'ant stage of a river 
ured into broad valleys. The "'' "'''•"" "•'<"•"'■'"-'' '" ''"'""■' •" ""■ 

J plain .-1 D 

tributaries extend their chan- 
nels backward and not infrequently capture the waters 
of other streams less vigorous {See illuNf ration, j). J09). 
The mature stage is the age of its greatest vigor and power. 
It may lengthen itself at both ends ; it may build a delta 
at its mouth and extend the latter seaward, or it may cut 
its headwater channels back- j_^^^_^_^ ^ 

wards. " ^^ '' 

The old age begins when ™^' mature and senile stages 

. " "^ OF A river 

the river has cut away and .r„ • , ^ , , , , 

trfiu<innrtpd nil flip iviil-ili1p cai-vrj d,\-p cii.umdi in iiu- pi.iin a R : r,i 
iiauspoiieu an me cuaiiaoie .,/,/,-/,/„. ,v,„.,„„„f ,„.,/;•,/,,/ ;,,,< bn-,, 

material within the reach of •■'""'■' ''''''"■ 

its various branches. Thereafter it can be revived only 

by a gradual elevation of some part of its bed, by changes iu 
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its sliipo, or by a ooiisiilorablo iiiereaso oi its volunio. Jiist 
as a Idi;- moved ai;aiust the saw vesults in euttiiii;- the tim- 
ber, so a gradual uplift of the streaui eliannel gives the 
river fresh power and, for a time, rejuvenates it. An in- 
erease in the volume, by quiekening the ourrent of the 
stream, has also a similar eti'eet. If, as in the ease of the 
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ii]>lift of Uinta IMountains aeross Creon liiver, tlie ele- 
vation is long-eontinued, just so long will the I'iver bo 
aetively at work at that point. It eau be rejuvenated 
along its whole eourse by the uplift or tilting of its water- 
shed in sueh a manner as to inerease the enrrent along the 
whole extent. Uplift is nearly always followed by exten- 
sive stream corrosion. 
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Flood-Plains. — It often happens that a stream removes 
more material from its upper or torrential part than it can 
conveniently carry. The excess is then spread over the 
middle and lower parts of the basin, forming the " bottom 
lands " or JfdoJ-phiin. 

The deposition of sediment is the result of a slackening 




MATURE RIVERS 

The greater piirf of the hasiii of each hjs been removed. 'The trihutary of the cen- 
tral stream is cami/ff its way into tile basin of the river on the rigtit and will eventually 
absorb the head zvaters of the latter. 

of the ciTiTcnt. In its infant stage the river has but lit- 
tle cutting power and usually can carry all the material it 
removes. When the headwater streams acquire greater 
vigor, how'ever, they remove so much rock waste that iu 
the middle and lower courses the water is overburdened 
with it, and the process of flood plain-making begins. 

Along that part of the plain occuj^ied by the stream, un- 
less the current is increased, the deposition of sediment is 
constantly going on. The river builds its bed and banks 
a little higher than the level on either side, continuing the 
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procoss until thi' comiug of high water ; thou it broaks 
through its soll'-niado banks and selects a new channel in 
lower laud. r>Y this process of adjustment, the river, in 
turn, may occupy every part of its Hood-plain. It there- 
fore follows that Hood-plains are due to the overburdening 
of the current of the stream. 

lu its relation to life and its industries, the Hood-plain is 
the most important part of river physiography. Tlu" sur- 
face is always level, makiug the region accessible to trans- 
portation. Moreover, the rock waste is mixed with the ele- 
ments that form the food of plant life, and therefore the 
Hood plain has a most fertile soil. In the Mississippi 







A FLOOD ri.AIN 
■Thf J.irk sh.ijiiig rcpi,-!c::l< II,,' s,-Ji„u-„l ./.[•o^ll,:! !•<■ lloojs. 

Valley, for instance, wluu-e the bluff lands produce twenty 
bushels of wheat, the bottom lands }'ield thirty ; and if au 
acre of bluff soil yields one bale of cotton, the same area 
of bottom lauds yields two. The greater part of the Chile 
of geography is a simoom-swept desert with scarcely a sign 
of life excepting that which pertains to the mines and the 
mountain valleys. The real Chile is found in the densely- 
peopled Hood plains of the Audine streams. In these short 
valleys are concentrated nearly all the activities that go 
to make a great state. 

Neither do we Hnd the h'gypt of history in the broad 
stretch of land hiug between tlu' lied Sea and the Libyan 
Desert. On the coidrary, the four thiuisanil years of his- 
tory that has given to the world so much that goes to 
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make up iiiodern civilization, Jieloiigs to the tlootl plain 
of the Nile. What has been the eti'ect of the Mesopo- 
tamia on the history of the East? 

Terraces. — After a river has cleared away all the rock- 
waste and silt it can reach at the headwaters, the stream 
may then turn its cutting power against its flood-plain. 
Instead of depositing sediment, the water begins to re- 
move it. So it forms a deeper channel, along the sides of 
which a new and lower flood-plain is built. The new flood 
plain with the remnant of the old one form trj-rares. Of 
these there may be three or even four. Ultimately, how- 
ever, nearly or cpiite all the flood-plain is removed. 







TERRACES IN A FLOOD-PLAIN 
Each niark^ a s^7^c' of dozi'n-iiifiiiii^. The darker ^liailn/i^ >-//07i's flic otd bed of the river. 



It is evident, therefore, that flood-plains and terraces are 
merely incidents in the history of a river. Perhaps most 
of the rivers of the United States are in the flood-plain 
stage of their existence. Many of the streams of the north- 
eastern part are in the terrace stage and are approaching 
the period of old age. 

Deltas and Estuaries. — Salt water has a very remark- 
able effect in clearing muddy, fresh water, and the mo- 
ment the two mix the remaining silt held in suspension 
is quickly deposited. It follows, therefore, that, unless 
the sediment is swept away by currents and tides, a 
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oousiiloralilo aeruiinilaHoii Avill form ;it tlu> nioutli of tlie 
river. 

The accoTupauviiig ti^nro, tlu^ Jolta of the [Mississippi 
River, shows one of the most interestiiii;' types of delta for- 
mation. It is evident, in this ease at K-ast, that the hanks 
of tiie delta are self-made, and that thev have been formed 
because the current has been cliecked more efi'ectuallv at 
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the edijjes than in mid-stream. Tt is also evident that since 
the lower Mississijipi has oi'cupied its presiait channel, 
the river has built its lower part nearly one hundred miles 
into the Gulf of INfexico. 

The deltas of the Volga, and Oanges-lu-ahmaputra, are 
considerably more intricate than that of the INlississippi. 
They are likewise older, and therefore morc> compactly 
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filled with sediment. The delta of the Ganges-Brahmapu- 
tra is perhajDS the most extensive known. Its frontage on 
the Indian Ocean is about two hiindred miles, and its area 
about twice that of the State of Texas. Much of the land 
consists of shifting mud-flats, and the whole region is 
subject to destructive inundations. 

The delta of the Adige-Po has developed in a manner 
not unlike that of the Ganges. Probably no other river of 
its size in the world brings down more sediment than the 
Po. As a result its delta is filling and extending very 
rapidly — so rapidly, in fact, that the town of Adria (Had- 
ria), in Julius Csesar's time a seaport, is now more than 
twenty miles inland. Ostia, in 
early historic times, at the 
mouth of the Tiber, is now 
about seven miles inland. 

With respect to economic 
value, delta lands surpass al- 
most all others in the jJossibil- 
ities of productivity. The soil 
is exceedingly rich, and, because 
of the constant additions from 
the river, it is enriched as fast 
as its nutritive elements are 
taken up by vegetation. The 
Nile delta has long been known 
as the granary of Egypt — the 
Sunderbimds of the Ganges- 
Brahmaputra are foremost 
among the great rice-producing 
fields of the world. 

An inspection of any good 
map will disclose the fact that while some rivers reach the 
sea, each through a delta, others eqiially powerful with 
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OR SUBMERGED RIVER MOUTH 

A part of a comparatively level plain 
has subsided below sea level. 
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respect to current, flow into estuaries. The Mississippi 
and the Delaware are contrasting examples. In the 
former case the riyer has a teudeucj to block its mouth 
with silt ; in the latter, a downward movemeut, or sink- 
ing of the coast has practically drowned the mouth of 
the river. Moreover, the action of the tide is usuallj^ 
strong enough to keep the channel clear of silt between 




A FJORD MOUTH OF A RIVFR 
Ili situjlion adapts it for ttic iC/itii- of u-^'inncicc of a ili'ioly-irtllcj rci^ton. 

bars. So, between the scouring action of the tide and 
the sinking of the valley there is not only a broad, but 
a deep area of -svater in most estuaries. If the mouth of 
the river is in a coast plain, the estuary usually takes the 
form similar to that of Delaware Paver. Along a rugged 
coast Avitli an abrupt slope, however, the estuaries more 
commonly are like the indentations of the Maine coast. 
They are also numerous along the coast of Norway, -where 
they are called /Jorc/s. 
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In livers that flow into estnaries, the sediment is de- 
posited in the form of /;r/r.s. In most instances two bars 
are formed, one at tlie mouth, tlie other at the head of the 
estnary. The reason for tliis double deposition of sediment 
may be found in the action of the tides. Bars are formed 
in comparatively still water, so, when the tide is slack at 
flood, the deposition takes place at the head of the estuary 
where the salt and the fresh water meet ; when the tide is 
ebb, the two waters meet at the mouth of the estiiary and 
the deposition of sediment takes place at the lower end. 

It is evident that the estuary favors commerce and navi- 
gation while the delta on the whole is a hindrance. In 
the case of the Mississippi, the navigable channel of the 
delta has been kept open at an enormous expense. Of the 
great seaports that are centres of commerce, by far the 
greater number are on the shores of estuaries. 

Cascades and Rapids. — In flowing to lower levels, if 
the slope is abrupt, the water descends in a series of 
rapids in the form of reaches more or less terraced. The 
streams of the New England Plateau, and to a greater de- 
gree the torrents of moimtainous regions are illustrations. 
In some instances, however, the stream plunges over a 
vertical embankment in the form of a cascade or fall. 
Of these, Niagara Falls, Spokane Falls, and those of the 
Zambesi Piiver are illustrations. In some instances moun- 
tain streams make tremendous leaps. In the Yosemite 
Valley, Merced Paver in three plunges falls 2,600 feet ; and 
Bridal Veil fall, with a sheer pitch of 1,.500 feet, reaches the 
lower level in the form of fine water dust. TheStaubbach 
("brook dust "j of the Alps is a similar cascade, having a 
fall of 900 feet. The Cascade Eange of the United States 
and the Lauterbrunnen (" nothing but fountains ") of Al- 
pine Europe are names that suggest the character of these 
regions. 
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In some instances tlio stri'ani lias liad liitlo io do witli 
making tlu^ I'lilfs ovin- wliicli it falls ; in other eases, how- 
ever, the river itself has niaih^ tlu^ falls. If a stnvvni Hows 
over the edge of a hard layer that n-stson a sofl(>r material, 
the latter will be more (jnii'ldy removed ; nnu'eover, as the 
softer layer is worn away, the fall lu'eomes greater and the 
water aeqnires an increased taitting ]iow(n' ln'canse it has a 
constantly incn-asing distance to fall. I'^inally the stream 
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cnts away so nmch material at tlio lower level tliat a, caJa- 
ract r<^snlts. 

In this manner the falls of Niag.-ir.-i Kiver W(>re formed. 
There is an upjier layei' of hard linu^stone snrmonnting a 
deep layer of softi^r I'ock. The np])(>r layc-i- oilers c'onsid- 
erabhi resistances to the water ; the lower layei- is easily lait 
away. Hence tins fa.Us are increasing rather than decreas- 
ing in height. Tlie nppcsr layca-, however, is worn not a 
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little, and the falls are receding up stream at the rate of 
nearly two and one-half feet a j'ear.'" 

There are many cataracts, however, that are the result 
of accident. Thus, a flow of lava across Columlua liivor 
dammed the channel and formed the well-known cascades. 
A similar lava flood at the same time obstructed its chief 
tributary, the Willamette River, forming the cataract at 
Oregon City. 

Falls and rapids frequently occur in the terrace stage 
of rivers, although they may be developed in early matu- 
rity. They are rarely found in the flood-plain age, because 
the flood-plain buries all inequalities. After the stream 
has carved away its flood-plain, it may uncover and develop 
its former ra^^ids and cascades. 

Migration of Divides. — As a rule, every stream works 
most actively in the upper or mountain part Avliere its cur- 
rent is swiftest. As the various headwater streams deep- 
en their gullies they frequently extend them to a consider- 
able distance backward ; and a very vigorous stream may 
even cut its channel backward across a ridge or height of 
land. The latter then ceases to be the water-parting ; the 
divide therefore " migrates " or recedes from its former 
position. 

In cutting its channel backward across a ridge or height 
of land a stream sometimes captures and diverts a part of 
the feebler stream flowing on the opposite side of the chan- 
nel {See illusfrafion, p. 109). Many of the " wind gaps " of 
the Appalachian region are the results of this sort of river 
piracy. They are abandoned stream channels — aban- 
doned because the former occupant of each has been capt- 
ured further up the valley by a more vigorous stream that 
has crossed the height of land to get it. The Vistula 
Kiver has probably obtained several of its headwater 
streams by the robbery of a neighbor, and at least one 
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stream iu Northwesteiii Ohio aiul sovoral iii Peuusylvauia 
seem to liave siitt'ered in a siiiiilav way. 

Unusual Adjustments.— In seloetiiig a new channel 
or in adapting itself to the changing conditions of an old 
one a river is said to inlj/isf itself. There are several 
causes which may compel a, stream to change its course. 
It may clog its channel, or the latter may be obstructed 
by accident. Thus, by long-coutiuued silting, the Hoang 
Eiver, " China's sorrow," built its channel higher than 
the divide, near the top of which it flowed. In 11S52, diu'- 
iug a season of high floods, the river broke through its 
banks. Before that time it had flowed southeasterly from 
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Kaifong into the delta of the Yangtze ; after the break its 
course lay in a northeasterly direction and the river now 
flows into the Gulf of Pechili. 

The flood of lava that formed the plains of the Colum- 
bia buried beneath it a long stretch of the river basin, and 
the river made a new channel arouud the lava Hood." 
Tuolumne River, California, was similarly buried, but 
finally succeeded in making another channel through the 
obstruction. It is not unlikelj' that Saskatchewan River 
was cut in two by the rise of a height of larul across its 
course, the water being ponded in Lake Winnipeg and 
then overflowing into Hudson Bay. 

Indirectly, man is responsible for the abnormal conduct 
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of certain rivers, and the cause thereof is the cultivation 
of the laud. In order to make his land productive the 
farmer must not only clear it of growing timber and de- 
stroy the smaller vegetation, but he must also, in many 
instances, provide a system of rapid drainage. Because 
forestry, shrubliery, and sod all serve to retain water in 
the soil they therefore prevent rapid drainage. The re- 
moval of vegetation, on the contrary, has exactly the 
opposite effect. The rainfall is rapidly collected by the 
tributaries, and as quickly poured into the main stream. 
As a result, high and quickly-forming floods occur. 

The Ohio and the Susquehanna, especially in late years, 
have suffered much from disastrous floods, and these are 
mainly the result of deforesting their basins. Wooded and 
grass-covered slopes are slowly drained ; denuded slopes 
favor rapid accumulation of drainage waters. 

Geographical Distribution of Rivers. — Kivers are 
the offspring of rainfall and, as a rule, regions of great 
rainfall are regions in which rivers are largest and most 
numerous. This is shown in the case of the Amazon and 
the Kongo. Both rivers are situated within the belt of 
almost constant rains. Each has a large number of pow- 
erful tributaries, and each discharges an enormous cpian- 
tity of water. 

A river cannot develop great length and size unless the 
water-shed that it drains has also a great superficial extent. 
When Columbiis entered the mouth of the Orinoco, he at 
once declared the country southward to be a continent, 
for the reason that so large a river could not exist on a 
small body of land. 

There is no ajDparent law governing the distribution of 
rivers except the position of slopes and the amount of 
rainfalL The largest rivers are not in the largest conti- 
nents, nor are the longest streams in regions of greatest 
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rainfall. The Atlantic receives the waters of more large 
streams than any other ocean ; tlie Arctic Ocean is the 
next iu onk'r. The reason therefoi' is the fact that tlio 
largest ]>laii)s slope toward the one oi- the other of these 
two oceans. 

The great jilains and sIojk^s of the Western Continent 
receive the fnll benefit of moisture-laden winds ; and the 
rivers, as a rule, reach a higlnn- state of development than 
those of the Eastern Continent. The Mississip])i and tlie 
Amazon drain each a water-shed half as large as Europe. 
The Mackenzie, La Plata, Yukon, Cohnnl)ia, and Colo- 
rado alxurt equal iu size the great master streams of the 
Old World. 

The broadest part of South America is crossed by an 
almost constant rain belt, and therefore is in the ri'gion 
of heaviest rains. The ocean winds traverse a sweep of 
about 'J.fiOO miles before they are arrested by the Andes 
Mountains ; and because precipitation covers sucli an 
enormous area., there necessarily results a stream of vast 
proportions. As a matter of fact the Amazon discharges 
a greater volume of water than any other known river. 

The chief i)lain of the Old World faces the Arctic 
Ocean. It is the largest plain in the world, and is drained 
by large rivers. None of them equals the Amazon nor the 
Mississip]-ii-jMissouri, howevei', for the reason that they 
are situated in a region of very moderate rainfall. 

The southern ]iart of Euro]ie does not extend into the 
region of trojiical rains; hence the absence of larg(> streams 
on the southern slo]ie. The southern part of Asia is un- 
der the tropical rainbelt, but the drainage slope is com- 
paratively short, and but few large streams have formed. 
Thus it may b(^ seen that the large plain of Eurasia is un- 
favorably situated for large rivers, while, on tho other 
hand, the favorably situated areas are too small for the 
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development of great streams. The great number of 
smaller rivers, moreover, compensates for the absence of 
such rivers as the Amazon. 

Africa possesses several large rivers, two of which, the 
Kongo and the Nile, are of considerable interest. The 
Kongo, lilie the Amazon, is an equatorial stream, and 
the behavior of the two is almost identical. The Kongo 
is smaller only because its basin is smaller. The Nile 
is remarkable for its annual overflows, and from the fact 
that, in the lower 1,200 miles of its course it receives not 
a single tributary. 

Australia possesses but few permanent streams, and 
these are of small size. Tliis continent is unfortunately 
situated. It is under the Calms of Capricorn, and it con- 
tains no high mountain range. The Murray-Darling is 
the only river of importance. In the summer season 
most of the streams disappear altogether, or else form a 
succession of shallow pools. 

Continental Rivers. — There are several large areas 
that have no drainage to the sea, and the rivers are there- 
fore called continental rivers. Where is the continental 
region of Eurasia ? It is drained by a multitude of riv- 
ers ; name the four largest. In Africa the only large con- 
tinental rivers are those flowing into Lake Chad. There 
are many continental rivers in Aiistralia. Practically all 
of them are dry in summer and some are filled only when 
an occasional cloud-burst pours a flood of water into their 
channels. 

The Humboldt, Carson, and Jordan are the principal 
continental streams of North America. Describe their sit- 
uation from any convenient map. What do they indicate 
with reference to rainfall ? What would be the probable 
effect on these rivers if the Sierra Nevada ranges were no 
higher than the Appalachian Mountains ? In South 



l-2(; PriY8R"AL nEOCJKAPHY 

America the Desagnadeid, tlio mitlet of Lake Titicaca, is 
tlie principal coiitiiieiital stream, altlion;:;!! one or two of 
tlie larger rivers iii Argentina are occasionally cut off 
from the sea. 

Economic Importance of Rivers. — Eivers arc the most 
important highways of commerce and, in many ways, are 
the lines along which civilization and settlement penetrate 
to the interior of a country. Even at the present time 
merchandise can be carried by ]neans of river navigation 
for less than the cost of transporting it in any other waj'. 
Most of the great migrations of peoples have followed the 
lines of rivers, and in mountainous regions the cultivated 
areas are confined mainly to river valleys. L)utside the 
Great Central Plain of the United States most of the rail- 
ways of the country have been built along river valleys, so 
that these are practically " lines of least resistance " to the 
activities of a people. 

QUESTIONS AND EXERCISES.—Under what conditions and at 
what times is the stream with which you are best acquainted muddy ? 

Note and describe any place at which the stream is cutting away its 
banks. 

Note and describe some place where sediment is being deposited. If 
possible, account for the action in each case. 

An embankment of freshly turned earth receives the full force of a 
rainfall ; how will its general form most likely be affected ? 

What effect has sod, shrubbery, and forestry on a surface that is ex- 
posed to rain ? 

Name some results that might occur if the channel of a stream were 
blocked ? 

How would the Mississippi be affected if the Ozark highlands were 
elevated considerably higher ? {See any ^^ood topo^i-jpluc model or relief 
map. ) 

What effect will the approaching old age of the Mississippi have on 
the size of the Gulf of Mexico ? 

On p. 1 13 is a map of Chesapeake Bay ; make a sketch-map and restore 
the river channels on the supposition that the surface were uplifted 
until about the lowest point is higher than sea level. 
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Does the appearance of the Canon of the Colorado River suggest an 
abundant or a scanty rainfall? How would a great increase in the 
rainfall affect the scenery so far as the topography of the valley is con- 
cerned ? 

What does the absence of tributaries indicate concerning the rainfall 
of the lower Nile ? 

From the cyclopsedia, or any convenient reference-book obtain a de- 
scription of the Volga and its delta. 

Make a list of ten or more important cities situated on estuary 
mouths ; — two on or near delta mouths. 
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NOTES. 

' On an average, about three feet of water fall each year on the 
land. The rate is not uniform, however, but varies from a frac- 
tion of an inch to about fifty feet. Directly and indirectly all 
the water of the land comes from the sea and, sooner or later, re- 
turns thereto. 

'•^The term " water-shed " is often used as a synonym of "di- 
vide." Properly used, however, it is not a divide but a basin. 

■* There are a few instances in which the divide is so ill-defined 
that the same pool, pond, swamp, or stream maj' discharge its 
waters into streanjs wdiose mouths are at a great distance one 
from the other. Thus, Two-ocean Pcmd, in Yellowstone National 
Park, in high-water season, has two outlets — one through the 
Yellowstone to the Mississippi, the other through the Columbia, 



128 rilYSICAL GEOGRAPHY 

In other words one has Atlantic, the other Pacific drainage. The 
Cassiquiare River bifurcates, discharging simultaneously into 
the Orinoco and the Rio Negi-o, a tributary of the Amazon. Be- 
tween the headwaters of the Parana, and those of the .southern 
tributaries of the Amazon, the land is so flat that, in places, the 
drainage is undecided. 

■'The cutting and the carrying power of water depends on the 
speed of the current. A slight difference in the velocity makes a 
very great difference in its carrying power. Wat^- flowing at the 
rate of four miles an hour will carry sixty-four times as much 
material as water flowing at half that rate of speed ; that is, the 
carrying power varies inversely as the sixth power of the velocity. 

^ Silt is the name commonly given to matter held in suspension 
in water ; sediment to material that has been dropped. Tlie 
two words are often interchangeably used. 

" Whichever process goes on at any particular locality depends 
on the velocity of the current. In seasons of high water the cur- 
rent may I'emove material, while at low-water stage it may form 
a bar. That is, the middle course of a stream extends much fur- 
ther down stream in high than in low water periods. In short 
streams that flow in channels of considerable slope there is prac- 
tically but one course. In rivers whose waters are hahitually 
clear the " cour.ses " are rarely ever well defined. 

'Davis cut-off at Palmyra bend, near Vicksburg, Mississippi, is 
an example. The distance around the loop was twenty-two 
miles ; across the neck, it was scarcely half a mile. An obstruc- 
tion anchoring in mid-channel forced the current against the 
narrow neck, and the latter, little by little, was cut away by the 
stream. Finally the isthmus was severed and the wliole flood of 
the river very quickly poured through the cut. Around the loop 
the fall of the river was about four inches per mile ; thi'ough the 
cut, over five feet. The river scoured its channel aljout one hun- 
dred feet in depth, and so swift was the current that more than 
a week elapsed l)efore steamboats could ascend it. The effect of 
the cut-off was far-reaching, and extended both above and below 
Palmyra Bend a distance of over one hundred miles. 

^ Such a stream is sometimes called a consegneat river because its 
formation is consequent upon the elevation of the plain. A river 
is an antecedent stream when its existence dates l)efore that of 
some other featui*, Thus Oreen River existed before the forma- 
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tion of Uintii l\[oiiutains, antl with respect to them is an arite- 
oedent I'iver. 

'■' At tlie present time the real nioutli of tlie Hudson is near 
Troy. Below this point the river is an arm of the sea, swept by 
tides throughout the whole distance. This singular condition is 
due to the fact that the lower part of the river lias Ijeen sub- 
merged, since (xlacial times. The explorations of the U. S. Coast 
t-'urvey have disclosed the old channel of Hudson River from 
lower >'ew \ork Bay a distance of nearly eighty miles to the 
southeast. Were this part of Atlantic coast again to be raised, 
it is not unlikely that the river would I'ecover its long-buried 
channel. 

'" At the point where the angle in the ledge is formed, the reces- 
sion since 1875 has been more than two hundred feet ; at the 
American Fall, since 1842, it has been very slight. It is a ques- 
tion of time only until the Canadian Fall shall have recedeil to 
a line between Duft'erin and Sister Islands. When this has taken 
place the American Fall will have nearly or quite disappeared. 
Had the conditions of a hard stratum at the top and a softer one 
at the bottom been reversed, there would now be no cataract, 
even had there been one at the beginning of the present epoch. 
The softer rock would have Vjeen worn away until the perpen- 
dicular front had become an incline extending to a point below 
Whirlpool Rapids ; and instead of the suljlime cataract, there 
would now he a succession of rapids like those which mark the 
passage of St. Lawrence River. 

" In several other localities the Columbia has cut its channel 
through similar obstructions. In at least one case the river re- 
claimed its former channel by cutting through the entire thick- 
ness of lava, to a depth of about 2,500 feet ; at the two ' ' cascades ' ' 
the river is attempting to cut its channel through coulees of lava 
that flowed across its channel. Deschutes River, a tributary of 
the Columbia, is readjusting itself Vjy cutting a new channel into 
the same sheet of lava. 
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CHAPTEll VIII 

THE WASTING OF THE LAND : THP: WORK OF UXDEE- 
GKOUND WATERS 

Probably almost as much Avater sinks iuto the porous 
rock aiul the iuuumerable crevices of the rock-euvelope as 
gathers in the various external chauuels. The work of 
tellurit', or irutlergrouml waters may not be quite so active 
in degrailing the rock envelope as are the surface streams, 
birt they are nevertheless important factors in the jthysio- 
graphic processes that shape the earth's topography. 
Surface streams How quickly away ill their chauuels, but 
the uudergrouiul waters must trickle slowly through chan- 
nels that are ill-adapted, speudiug their energy not only 
in forcing their way through passages that perhaps are 
self-made, but also in keeping the jiassages clear of ob- 
structions. The work of surface waters, therefore, is com- 
parativelj' easy and simple ; that of imderground drainage 
is vastly more difficult. 

If the prevailing rock of a I'egion be mainly of clav, or 
slate, or other impervious ruclc, the underground drainage 
will be close to the surface,' for such rocks not only jnv- 
veut the passage of water, but they are also insoluble. In 
such cases the water must trickle through the to]i soil much 
in the same way that water passes through a filter made of 
sand and gravel — that is, it must tlow in the spaces be- 
tween the particles of rock waste. 

On the other hand, if the rock oi a region is mainlv of 
limestone, and more especially if the strata be broken and 
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faulted,- uudergroiiml dnuiiage is apt to be very exteuisive. 
Not ouly does the water clear a passage for itself along the 
lines where the rock is broken, but it also dissolves enough 
of the limestone to make caverns of vast extent. 

It must not be assumed, however, that these waters al- 
ways remain underground. On the contrai-y, they are con- 
stantly in motion, and they finally emerge from their chan- 
nels to reach the surface. In the study of underground 
Avaters they may be considered of three kinds, namely — 
'percolcduiij waU'rs, apruujs and artcHian wells, and ander- 
(jrountl Klreaiits. 

Percolating Waters. — "When water sinks into porous 

je grains of sand, gravel, 



ground it fills tlie spaces Ijetween tl 




DIAGRAM SHOWING THE FLOW OF I'ERCOLATING WATERS 

or other soil. Some soils are so porous that a cul>ic foot 
will contain more than one-quarter of its l)ulk of water. 
The latter sinks through the ground imtil it meets a layer 
of rock or clay through which it cannot pass. It tlierefore 
accumulates until its level is as high as the rim of the im- 
pervious stratum. 

Flowing over the lowest part of tliis rim, it goes on, per- 
haps to fill a similar basin lower down the slope, or possi- 
bly it comes to the surface in the form of a swamp, a pond, 
or a lake. If the plain or slope is traversed by a river val- 
ley a great deal of the water oozes through the soil into the 
stream. In many instances waters of percolation are the 
chief supplies of streams," 
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"Wells are ahvays filled by percolating waters, and to ob- 
tain au abundant supply it is necessary only to sink a shaft 
to some point below the leyel of the \yater. Unless the 
well is so shallow as to catch the surface drainage, the water 
is usirally cold and wholesome. The water of shallow wells 
is apt to be impirre. 

If the area of porous soil is large and has a considerable 
depth, au euoruious quantity of water may be held. The 
City of Loudon, with its six millions of people, is supplied 
with water that percolates through the adjacent chalk-beds, 
and the water sirpplies of many of the towns and villages 
of the high plains east of the Eocky Mountains are de- 
rived in a similar manner. 




THE WATER SL'PPLY OK LOW S.WDV ISLANDS 
The lu'u'lu-r fr.-sli zcih;- (V5/< on llu- s,,i rr.T/.-r. 

The " sand valleys " of ^Yestern Kansas, Nebraska, and 
Dakota furnish au excellent example of percolating waters. •* 
The storm waters falling in these valleys are almost all ab- 
sorbed and held in suspension by the deep deposits of light, 
2iulveruleut rock waste. During dry seasons the waters of 
these reservoirs are about the only supply- to the people 
living in that region. The amount thus held in the porous 
rock waste is generally sufficient to irrigate the crops that 
otherwise would perisli from drought. 

The water supply of small and low islands is obtained in 
a similar manner. The storm waters fall on the island 
and inuuediately sink into the sand until they reach salt 
water. But inasnnicli as the fresh water is the lighter of 
the two, it rests upon the surface of the salt water without 
mixing with the latter. 
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In many instances the unclergronnd waters arc confin(.:(l 
between inclined, strata of impervions rock. In sncli a 
case, if the ijoroiis layer he tapped liy a boring, the water 
is forced np through the shaft to its normal level. Arti- 
ficial springs of this character are called artesian ivells. 
The " driven " or " piped " wells so common throughout 
the Mississippi Valley and the prairie region are examples 
of such wells. They are shallow, however, and tap only 
the superficial jiercolating waters. The water, moreover, 
is usually brought to the surface by ordinary lifting pumps ; 
it is very rare that such wells are " spouters." 

In the case of wells sunk to a depth of two thousand 
feet or more, the water in many instances is thought to 




THE WATER SUPPLY OF ARTESIAN WELLS 
The poroiii stra/UDi is boHi covered and inidetiaid Tci//l iiupeivioHS rock. 



be forced above the surface — not by gravity, as is com- 
monly supposed, but by the pressure of the air or other 
gases within the reservoirs. 

Along the low coast plain of Southern California several 
hundred shallow artesian wells have been driven, and many 
acres have been made productive. The first wells were 
spouters, but at present, in nearly every instance the 
water must be pumped to the surface. Many such wells 
have been bored in the Sahara.^ 

Springs. — A small stream of water issuing from the 
groiind is called a sprinij. In some cases the water spurts 
from a sloping wall, such as the face of a cliff, but in gen- 
eral, it gushes out of comparatively level ground near the 
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foot of a slope. Usualh' tli;' iliscliargo does not amount to 
more than a few gallons jxt minute, but in a few instances 
it is sufficient to till the channel of a good-sized stream.'' 

The storm waters that fall on porous soil sink until they 
come t(i rock through which they cannot pass, and, flowing 
along the surface of this impervious layer, hnally emerge 
to the surface at some distance lower down. In the meau- 
time, if the water has been aljle to make a free channel 
instead of slowly jiercolating through the ground, it be- 
comes a spring. 

As a rule every spring makes its own channel. Usually 
the force of the flowing water is sufficient to carry away 
the lighter and finer material, thereby not only forcing a 
passage, but keeping it clear afterward; but in many cases 
the water makes a channel by dissolving a part of the rock 
through which it flows. If the quantity c^f material dis- 
solved be considerable, iiiincrnJ fi/iriin/s result. Such 
springs are very common. Those at Saratoga, Yichy, and 
Carlsbad, are known all over the civilized world. 

In volcanic regions, «liere the rocks are apt to lie seamed 
with fissures, the water trickles downward until it comes 
in contact with heated rocks, and when it again emerges 
to the siu'face the water may be at a boiling t(Mn]ierature. 

So long as the mouth of a spring is lower than the sur- 
face of the waters from which it is derived, the sjiring will 
continue to flow, and will be a cons/inii spring. If it be 
situated in a regioJi of jieriodical rains it is apt to be a 
periodical sprimj — flowing during the rainy season only. 
If the flow depends partly on the pressure of air or other 
gases, an intermitti'ut spring may W formed.' 

Geysers. — In several volcanic regions there are hot 
springs, which at intervals eject copious ([uantities of hot 
water and steam. The eiuptions, unlike volcanic out- 
bursts, occur with almost clock-like regularity. 
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The gej'ser Jiffois fr(>m other h(jt springs m having a 
long, irregular tribe that extends deep int(j hot volcanic 
rocks. The tube is formed 
probably b}^ the 
water itself, whicl 
very hot, dissolves 
siderable amount 
mineral silica but deposits 
it on cooling. 

The water that gradually 
collects in the lower part 
of the tube in time is heated 
far beyond the temperature 
at which water ordinarily 
boils. For a considerable 
time, tlie weight of the water 
in the U2:>per part of the 
tube prevents Ijoiling in 
the lower part. Finally a 
small amount of steam is 
formed, and some of the 
water is forced out at the 
top of the spring. As soon 
as this occurs, the pressure 
at the lower part Ijeing re- 
lieved, the water lielow, 
that has been heated far 
above the boiling point, 
flashes into steam — not 
gradually but instantly. 

Eruptive springs of this character are not common, and 
there are but three regions known in which they have been 
found — Iceland, Yellowstone National Park, and Northern 
New Zealand. Hot mineral springs occur in many other 
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localities, but they are not eruptive. The geyser regiou of 
Iceland has been knowu for more than a ceutmy. It is 
situated near the group of active voleauoes aud covers an 
area of two or three square miles. There are about one hun- 
dred eruptive springs, one of which, Grand Geyser, spouts 
a column of water aud steam to a height of one hundred 
and forty feet. The New Zealand group is situated near 
the volcano Tarawera. It is small in area, and contains 
but few spouting springs. 

The geyser region of the Yellowstone National Park, 
Wyoming, contains several groups, mainly in the basin of 
Firehole Eiver. It comprises more than ten thousand 
geysers and hot springs. Of tliis number about two score 
discharge water to a height of one hundred feet or more ; 
one, the Giorttcss, spouts a column of water two hundred 
and fifty feet high, while the steam is forced nearly a thou- 
sand feet higher. The eruptions occur at periods varying 
from thirty minutes to about as manj' hours. Each is pre- 
ceded by a gentle overflow of water, and commonly lasts 
from a few seconds to fif teeu minutes, but in a few instances 
continues for more than two hours. The intervals between 
eruptions rarely vary more than a few minutes, but care- 
ful observations show that their length is increasing, and 
the energy of eruption is diminishing. 

The deposition of silica from the cooling waters takes 
fantastic forms. In many instances the rock thus produced 
is richly colored with variegated bands. The "' Pink-and- 
White Terraces " of New Zealand derive their name from 
this fact. 

Mud Volcanoes. — Mud "Volcanoes" are hot sinings 
that have piled cone-shaped mounds of mud about their 
vents. The mud hardens into a compact mass. Steam 
and sulphurous gases are commonly the products of these 
alleged volcanoes. The energy displayed is feeble, and 
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the mud coues are seldom more than twenty' or thirty feet 
high. The mud ctmsists of line chiy formed from the min- 
eral matter of the spring. Mud volcanoes are common in 
all volcanic regions. 

Underground Streams. — In addition to the multitude 
of surface streams, a large part of the water linds its way to 
the sea — not simply by percolation but in underground 
streams. Undoubtedly the run-off of most streams is 
mainly above ground, but, at the same time, a considerable 
part of their waters flow below the surface. 

There are several reasons for this. In the first place, 
whenever a stream flows in a gravelly channel, a great deal 
of the water must necessarily sink into the gravel and flow 
along the old bed-rock bottom. The same is equally true 
in the case of rivers that flow through light, sandy rock 
waste, such, for instance, as those of the Basin Region, 
west of the Kooky Mountains. The underground flow of 
such rivers is strong even when fierce summer heat has 
evaporated their surface waters." 

In many cases, too, small river channels have been ob- 
literated for one purpose or another. Now, although the 
surface flow may be destroyed the undergroiind current is 
not ; on the contrary, it is apt to be strengthened. Thus, 
in some of the larger cities many small drainage courses 
have been covered up in grading the streets, and in several 
instances it has been found necessary to excavate these old 
water-courses and sewer them. 

In New York and London the channels of many such 
streams have been plotted, and drainage maps showing their 
former courses are used by the Boards of Health in sanitarj^ 
investigation. In several instances these streams, becom- 
ing obstructed, have forced their way to the surface and 
flooded the streets with a deluge of water. Such esjjeriences 
are not uncommon, they occur in almost every large city.' 
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Of still greaK'i- intorost. tlimii^li not moio iinpovt.-iiit. are 
the various "Lost" rivers. These streams reeeive their 
name from the faet that for ixnt of their eourses thev are 
onlinary surfaee streams ; for the rest, they tltnv through 
subterraueau ehamiels. In some instanees the ^^ater of 
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the river disappears by pereolation ; in most instanees the 
stream pitches lieailKiUL;- into a " sinkhole." 

In the limest(>ne area of southern 1 luliana, Kentneky, 
and Tennessee, underground rivers ari^ \ery common.'" 
One of these rivers winds its \vay hencvdh the floor of 
Mammoth Cave. Its ^yaters contain a spei'ies of fish and 
two or three of insect lifi> that have rndimentarv e\es 
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ouly — aud indeed they have no use for perfect organs, for 
never a riiy of light penetrates to their abode. 

Similar streams are found in Weir's Cave, iu Luray Cave, 
and, iu fact, iu almost every limestone cavern. In Derby- 
shire, England, the Hampo and the Manifold flow many 
miles each through an underground passage. In both in- 
stances the identity of the stream is proved by throwing a 
floating body into the water above the beginning of its 
underground course and capturing it wdien it reappears. 

In Southern California, where Avater is recpiired for ir- 
rigation, undeigrouud streams have been captured and 
forced to the surface. This is accomjjlished by building a 
dam. across the stream at a point -where it emerges from 
the canon to the open plain. The dam extends from the 
surface of the ground down to bed-rock. The water '..i 
thereby forced to the smiace. 

It is noticeable that where such submerged dams are 
constructed, the artesian wells iu the plain below are seri- 
oiasly impaired — the flow of water being greatly reduced — 
all of which seems to show that underground waters have 
a much greater circulation than is generally imagined. 

Physiography of Underground Waters. — Although 
the work of underground waters is by no means so extensive 
as those flowing above the surface, they are nevertheless of 
great im])ortauce especially from an economic point of view. 
Under almost any conditions water has a considerable sol- 
vent power, and hot water, especially if under pressure, will 
dissolve many kinds of rock that are not affected by cold 
water ; when the solution cools, however, much of this 
matter is again freed from solution. In the meantime, if 
the water has been forced to the surface, the substances 
dissolved will be carried along and there deposited. 

Sometimes the deposits are spread hap-hazard over the 
surface of the ground, forming sinter or tiijii,. If the latter 
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happens to cover loose rock waste or soil, a cavern or cave 
■will result if the material nnder it be removed. 

In other instances the hot waters, charged with mineral 
or metallic salts, How into deep fissures in the rocks. As 
the water cools the soluble matter is deposited on the walls 
of the fissure until, finally, the latter is filled, thereby 
formina- a mineral vein or lode. All through the various 
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mountain regions of the earth, gold, silver, copper, lead, 
and other valuable metals have been deposited in such 
fissures and veins.'' Thus undergroiuid waters are a 
vehicle by which many useful metals are carried from the 
interior to the surface of the earth. 

Caverns. — Caverns and caves, although sometimes 
formed at the surface in the manner already noted, for the 
greater part are formed uudergroirnd by the action of 
water.'- The water merely dissolves the rock and carries 
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it off, leaving a cavoi-u. ( 'lay, 
slate, granite, auci sandstones are 
not readily dissolved ; and in re- 
gions underlaid by sncli rocks, 
caverns are rare. Limestones, on 
the contrai'y, are quite soluble, 
and in localities wLere tliey are 
the prevailing rock, caves and 
caverns are common. In the cav- 
ern district of Kentucky, Tennes- 
see, and Virginia '" small pieces 
of sharp Hint are plentifully dis- 
tributed throughout the lime- 
stone. These are tossed about 
uud carried along with the water 
and thus become powerful cutting- 
tools. 

Between tlie solvent power of 
the water and the incessant cut- 
ting done by the flint particles, 
the underground channel is worn 
deeper and wider till a cavern, 
perhaps a score of miles long and 
many feet deep, is formed. Very 
likely it has hundreds of galleries 
and branches ; time alone is nec- 
essary to give it vast dimensions. 

But time alone will see the fac- 
tors that made the cavern destroy 
it. In the first place the surface 
waters are constantly at work 
wearing away the rock that forms 
tlie roof or dome of the cavern. 
By and by breaks are made 
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tlirougb the roof aud sinkholes avo thus formed. These 
increase in size aud iu uumber until the dome is destroyed. 
The river is then uo longer an nuderi^round stn'ani ; it is a 
surface river tiowiug in a limestone canou. Natural ]lridj;e, 
in Tirgiuia, is a remnant of one of these domes ; the rest of 
the roof has been carried awav." 

In the second place, parts of these caverns are hlled up by 
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A PASSAGE IN LURAY CAN'FRN - STALACTITFS AND STALAOMlThS 

the limestone itself. In places the water charged -with lime- 
stone leaks or lilters through at the toji of the dome, fall- 
ing drop by drop. A jiart of the water leaves a minute 
portion of limestone at tlu^ roof ; the rest falls to the floor 
of the cavern, where a little more of the water evajiorates. 
So, little by little, the deposited limestone gathers into 
icicle-shaped columns, both at the roof aud the door of the 
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cavern. The former arc cjilleJ sfnlar/i/cf:, the latter siahuj- 
inilcs. In titne the two join, foriiiiny a single column, antl 
as the water trickles down their sides they increase in size, 
and thus the cavern is tilled. 

Perhaps, in the course of time, this same mass of lime- 
stone may be dissolved away and redeposited elsewhere. 
At all events, the j^rocess illustrates the general law that 
governs cavern-formation in these regions. Water in mu- 
tion dissolves limestone and maJies caverns ; still water de- 
posits limestone and fills titein upy^ 

QUESTIONS AND EXERCISES.— If possible find the depth of each 
of half a dozen or more wells in the neighborhood in which you live : 
compare the distance of the surface of the ground to the surface of the 
water in the wells. 

To what depth must a well be sunk before it will fill with water ? 

Will one be apt to find percolating waters in regions having but a 
very little rain ? 

Explain why water in very shallow wells is apt to be impure 

How do springs become " mineral " in character? 

Why does rain water contain no mineral matter in solution ? 

Why are geysers and hot springs confined usually to volcanic regions? 

Under what circumstances or conditions can water be heated above 
the ordinary boiling point ? (51?^ almost any text-book in physics. ) 

From the diagram, p. 129, decide the conditions which will cause 
underground streams or percolating waters to form a swamp. 

Describe a way in which caverns may be formed at the foot of sea 
cliffs that face heavy waves. 

How are the sinkholes in the limestone regions formed ? 

By using lime-water such as is obtainable at the druggist's, suggest 
a way in which stalactites may be artificially formed. 
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NOTES. 

' If the rocks are near the surface ami the ainouiit of -water is 
considerable, swamps iiia\ result. 'I'liat is. swamps uiay lie an 
incident of im|ierfect underi;r(_>und drainage, as rliey are of im- 
perfect surface drainage. 

" The fissures lietween tiie ends of faulted strata are very fre- 
quently the channels of springs, and snoni'r nr lati'r the fissure is 
likely to l)i' closed up liy dei>osits from the spring water. 

■' This may be seen in the cases of streauis that ll<iw through a 
region of pervious soil. tSuch streams steadily increase in volume, 
although for many miles they receive no triluitaries. As an ex- 
ample, i?lianish Fork, on the west slope of the Wasatch Mountains, 
receives only two or three small tributaries from the sunniiit to 
the base of the nuiuutains. It begins as a rivulet, scarcely larger 
than one's arm ; it reaches the base of the range, a mountain tor- 
rent twenty feet across. Almost the whok' iucreuu'nt is due to 
percolation. 

^ The sand valleys are apparently hills, but, in most cases 
they are valleys tilled with rock waste carried thither by winds. 
In the saturation of these accanuulations of rock waste capillar)' 
attraction is an imiiortant factor ; for this little-understood 
force is not only an agent of ;iccuuuilation, but one <.if reten- 
tion also. 

' The amount of desert land made productive solcl> by arti'sian 
wells has been greatly exaggerated by .><enseless giiessi's. Such es- 
timates conunonly make the aggregate as "millions of stpiare 
miles." As a matter of fact all the artesian wells in the world 
do not supply au area e(|ual to that of the State of Oel.aware with 
the water necessary to iiroiluce the whole of its crops. 

''The dilVercnce between siiriugs and percidatiug waters is 
m.aiuly one of degree ; issuing from a i-hanncl it is a spring, but 
if the water merely oozes through the soil it is considered only 
as an example of percolation. In I^lorida there are a nuudier of 
springs, so-called, that disi'li.arge e.icli an amount of water sulli- 
cient to lill a riverbed. ( b'ange and Silvia' Sjiriugs are so large 
that small river craft easily enter the mouths. These si)rings, as 
a matter of f.act, .are the exits of underground rivers. 

'From time iuuuemoi-ial geographers h.ave explained the jieri- 
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odical spring on the supposed existence of a siphon-shaped chan- 
nel. Doubtless such eliannels exist, Ijut not a single one has ever 
been discovered. In a tew instances tiie pressure ot accumulating 
gases is known to be a cause of interuiittent flow, but in the great 
majority of cases the cause of periodicity is unknown. One of the 
most remarkable periodical springs occurs in Palestine near the old 
convent of Mar Jirius. Tliis spring is quiescent for about two and 
a half days, and its period of activity lasts for several hours. It 
is i:)robable that the stream flowing from this spring is the Sab- 
batic River described by .Josephus, which rested for six days and 
flowed on the seventh. The fact that such springs gradually de- 
crease their periods ot quiescence, and finally become regular, 
bears out this supposition . A spring near Rogersville, Tennessee, 
is celebrated for the enormous quantity of water ejected. Its 
period of flow occurs about every half hour, lasting oidy a few 
minutes. The BuUerborn, once a famous intermittent spring of 
Westphalia, has now a constant flow. In regions of very high 
tides, periodical springs are sometimes formed by tidal action. 
The fresh water is pushed back by the tide, until it emerges to 
the surface through self-made cfiannels. 

' In desert regions, where the heat is intense, there are many 
instances of rivers that are dry " washes" in the daytime, and 
fair-sized streams at night. Water nearly always can be found 
at a slight depth, by digging for it. In tlie daytime, the enor- 
mous evaporation causes the water to disappear. In tlie night, 
or during cloudy days, the evaporation is lessened and the perco- 
lating waters rise to the surface. This phenomenon is occasion- 
ally noticed in the lower courses of Humboldt, CJarson, and Reese 
Rivers, in Nevada. The underground part of tfie river is nearly 
always to be found. 

'•' Considerable trouble from this cause occurred near the junc- 
tion of Oxford Street and Edgeware Road, London, and tlie rea- 
son was the fact that the famous Tyburn flowed in this locality, 
crossing Oxford Street a little to the eastward of the entrance 
to Hyde Park. About four hundred square feet of Broad- 
way, New York, recently caved in from a similar cause. The 
foundations of a costly church in Philadelphia sank in the 
quicksand before they were completed, and the large sewer under 
one of the principal streets has caved in several times — all be- 
cause they were undermined by buried streams. 
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'"At Oraiigeville, Iiuliaiia, an underground stream eoines to 
the surface and Hows with suflicient toree to turn a mill-wheel. 
l)nly a few miles away, Lost River, a eoiisiderafile stream, sinks 
out of sight. San Pedro Springs, near San Antonio, Texas, 
is the outlet of an underground stream, (riant Spring, near 
Ureat Falls, Montana, is the outlet of Little Belt Kiver, whieli 
disappears and flows underground for thirty miles of its course. 
hi Alaliama, the engineers ot the.Vnniston anil Atlantic liailway 
discovered an underground stream sixty feet below the bed of 
Coosa River. According to trreek legends, tlie Alpheus, the river 
of Peloponnesus, which Hercules turned through the Augean 
staf)les, sank underground ami emerged to the surface somewhere 
ni Sicily. As a matter of tact a consideraftle part of the course 
of the Alpheus is underground, and there is a spi'ing m Sicily 
discharging a large volume ot water. It is hardly necessary to 
add that the two have no connection. 

" As a rule such veins have a very symmetrical banded a|ipcar- 
anee, the stripes on the right hand corresponding with those on 
the left. In California, tliese veins are called "ribbon "' rock. 

'-There are .several instances in which caves have been tormed 
in volcanic rocks. Fuigal's Cave, on the Island of StafTa. west 
of Scotland, is an exam[)le. It is more than two hundred feet m 
length, and is surmounted by a ilome sixty feet high. In maiiv 
instances waves have hollowed out caverns in rock cliffs. 

'^ Mammoth Cave, Kentucky, is a labyrinth of passages aggre- 
gating more than two hundred miles ; tlie length of the cave on 
a straight Une is about ten miles. Some ot the vaults and domes 
are two hundred and fifty feet high. There are several other 
caves in the vicinity nearly if not quite as large. Weir's Cave 
and Luray Cavern, both in Virginia, are smaller than ^Mammoth 
Cave, Being limestone caverns tliey do not differ from the latter. 
Howe's Cave, Schoharie County, New York, is one ot the few 
large caverns of interest in the northern A|)palachian region. In 
the grotto of Lueg, lll\ria, there are three galleries, one over 
another. The cavern of .\delsl)erg, .\ustria, is the abandoned 
channel of the Poik. Its length is not far from two miles; its 
laljyrinthine passages aggreg.atc many miles. A consideralile 
part of the course of the Poik is underground. Prof)ablv the un- 
derground passage and caverns of the Timavo have been more 
thoroughly investigated than those of any other stream. The 
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river flows to the Adriatic, a few miles north of Trieste, and its 
ctiaracter has l>een Icnown for more than two tliousand years. 
Concerning it Virgil wrote : 

. . et fontem superare Timavi 
unde per ora novem vasto cum murmure moQtis 
it mare proruptum, et pelago premit arva sonanti. 

—jEneid I., 247. 

VirgiTs description is no longer true of the delta, for the nine 
moutlis have become only three in number. 

" Many similar natural bridges are known to exist in various 
parts of the world. Near Bogota, Colombia, a natural arch spans 
a chasm nearly four hundred feet deep. The arch is a double 
one, the lower one being composed of three large fragments that, 
detached from the upper arch, fell in such a manner as to wedge 
themselves between the perpendicular walls. In one of the deep 
canons of Arizona a huge mass of rock has fallen and become 
wedged between the walls of the chasm, thereby forming a sort 
of natural bridge. A natural bridge spans Pine Creek, in Gila 
County, Arizona. Like that in Virginia, it is the fragment of the 
dome of a stream that once flowed underground. The arch is 
about four hundred feet wide and the span is about a thousand 
feet in length. The underside of the arch is water-worn, but 
since it was formed the creek has cut its channel more than two 
hundred feet downward. In .several instances the arch more 
properly constitutes a tunnel. One, near Clinch River, Virginia, 
is more than half a mile long, and is a part of the route selected 
for a railway. In almost every instance a stream of water flows 
under the arch, and its current carries away the fragments that 
fall from the roof. 

'^ The distribution and also the concentration of certain eco- 
nomic minerals, in many instances, has resulted from the flow of 
underground waters. Gold has been dissolved from certain rocks 
and gradually concentrated in veins through their action. Iron 
salts have been leached from rocks and deposited in other rocks 
by the sanue agency. Beds of sand through which w^ater con- 
taining lime percolates, in time, become sandstone, the grains of 
sand being cemented together by the lime carried in the water. 



CHAPTER IX 

THE WASTING OF THK LAND : THE WORK OF 
AVALANCHES ANP GLAOIEIW 

A GREAT ileal of tlio moisture niiugied with the air falls 
iipou the land in the form of snow. Exceptin;;' very cold 
regions, tlie snow that falls at altitudes ).)elo\v three or 
four thousand feet melts with the coming of spring and 
flows away in the various stream channels. In high 
mountain regions more or less snowfalls at altitudes in 
which the temperature is rarely higher than the melting- 
point of the snow. In such localities, therefore, but little 
of the snow can melt where it falls.' 

In the Alps and in the higher ranges of the western 
United States, the heaviest snows fall l>et\veeu the altitrrdes 
of six thousand and nine thousand feet. A'err little accu- 
mulates below four chousand feet, and but little falls above 
twelve thousand feet; in fact but little moisture exists at 
such high altitudes. 

At high elevations, even though the fall Uiight be slight, 
it would seem as though the accumulation would incnvtse 
irutil the mass of snow exceeded that of the mountains. 
In certain polar lands it is possible that this may be oc- 
curring, but in high mountain regions various agencies 
operate to prevent such ciioruious accumulation. Among 
them are eva]ioration, wind, avalanches, and glaciers. 
Tln^v not only remove the snow and ice, but they are also 
po«-erful factiu's in wi-aring away the land and in trans- 
porting rock waste. 

150 
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Evaporation is a very active agent in the removal of 
snow. Ice and snow evaporate jnst as. does water; and 
at great heights, where the air does not press so heavil_y as 
at sea-levol, evaporation is very rapid. This is seen when 
frozen roads become dr}' and dusty witliont tliawiiig.- 

AVinds are also a very potent factor. In high mountain 
regions the wind has a force that is almost unknown in 
lowlands, and the gales that rage among snow-covered 
peaks quickly clear the dry snow-dust from every exposed 
surface and drift it into ravines and canons.'' 

There are two factors at work, however, that are inter- 
esting, not only because they remove an enormous amount 
of snow, but also because in transporting it they become 
physiographic agents of 
very great importance. 
These are avalanch es 
and glaciers. 

Avalanches. — When 
a great body of snow, 
resting on a steep slope, 
suddenly slips and 
plunges down the in- 
cline, the moving mass 
is called an avaluncJie, 
or chnllancJie. Excejiting 
the matter of the mate- 
rial transported, which 
is mainly snow, the ava- 
lanche does not differ 
materially from an ordi- 
nary landslide. But 
while it is very rare that a second landslide takes place 
in the same track, it is evident that an avalanche may 
occur every time the snow falls on the slope. The snow 




AVALANCHE BASIN, MONTANA 
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acoumnlates on tlio stoo]i slopo until it^ gvoat \vciL;lit 
causes it to slip, auil tlio L;ival mass. gatluMaui;" speod. 
moves dow nwaiil with ti trnitii' voar. 

In the Al[is, where, as .a ruh\ the shapes are steep,' sueh 
downfalls take plaee frequently and regularly. In many 
places the avalanche tracks are as detinitely marketl as the 
river channels. Indeed, one may consider the avalanche 
track as the torrential part of a stream whose tiow is occa- 
sional and spasmodic. Like the mountain torrent, too, it 
carries to lower levels an enornions amount of rock waste 
stripped from the slopes. Not only are avalanche courses 
distinctly marked, but expert mountaineers who have ac- 
quired experience in discerning weather signs are aMe to 
predict the occurrence of the snowslide with great cer- 
tainty. The avalanche, therefore, is a feature of mountain 
economy not less munial than the mountain torrent. 

The most destructive avalanches occur in the tirst hours 
of sirnshine, just after a snow-sttuin.-' The flakes are then 
so tine and smooth that they have but little coherence, and 
almost any disturbance nniy start them. The footsteji of 
the chamois or a gust of wind imparts motion to a handful 
of snow, and it begins its descent. Cbithering fresh mate- 
rial as it advances, and incri>asing in velocity every uumient, 
it soon becomes a force that sweeps everything before it, 
carrying havoc and destruction perhaps into tlu^ region 
of cultivated fields and human habitations, far beyond the 
foot of the slope. Eocks crash right and left and the whirl 
of the wind carries eddies of snow a thousand feet or more 
into the air. 

"When avalanches follow their cnstomai'v tracks they are 
neither especially dangerous nor destructivi\ unless the 
snow and rock waste reai'h beyiMid their (U'dinary limits. 
But in nnuiv instanc(^s they have taken place in localitii^s 
previoush' free from them, and these are the cases in whii'h 
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the destruction is greatest. Not only is everything cTe- 
stroj^ed along the path of the moving snow, but the effects 
are even more apparent along the edges ; for the blasts of 
wind aet in motion by the swiftly moving snow, fell every, 
vestige of timber a thousand feet or more on both sides. 
In receut years, places that the experienced mountaineers 
have discovered to be possible avalanche tracks, have been 
artificially guarded, so as to prevent the formation of 
dangerous snowslides. 

Another form of avalanche occurs in the Alps late in 
the season, at the beginning of warm weather. Instead of 
light, powdery snow, its volume consists of ice and coarse 
snow mixed with rock waste." The lower part of the snow 
and ice are imelermined by water as the ground on 
which it rests thaws. Finally the whole mass slides down 
the incline. These avalanches do not diiier in any ma- 
terial respect from landslides. 

Glaciers. — A great part of the snow that falls on high 
and steep slopes is either blown into ravines by the wind 
or is tumbled into them by avalanches. In the upper 
part of the ravine the snow is light and flaky, but farther 
down it has begun to melt, and instead of crystals it con- 
sists of little granules of ice, called neve. Still farther 
down the ravine, the neve has a striped or banded appear- 



shaped ridges, and finally the surface is a field of ridges 
and hummocks,' half-drowned in streams of muddy water, 
and ending in a mountain torrent. 

All this mass of ice and snow constitutes a glacier. It 
is in motion, and excepting the velocity, which is so slow 
as to be almost imperceptible, its movements are much 
like those of a stream of water. The flow is faster at the 
surface than at the bottom, and it is also swifter in mid- 
stream than at the edges. 
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Because tlie glacier moves more rajiiJly iu the centre 
than at the sides of the stream, the surface is scored with 
cracks and chasms called crevasfies. These are ronghly 
jDarallel and cross the glacier in lines which, in many in- 
stances, point upstream." In some cases the crevasses form 
gently curving parallel lines that are not unlike the rip- 
ples in a river. Ordinarilj', the crevasse is narrow and 
only a few feet deep ; but in some places it becomes a 
chasm fifty or sixty feet from top to bottom. Crevasses 
are most numerous in that part of the glacier where the 
slope is the steepest ; and, iu general, they mark what in a 
river would be the rapids. The velocity of the current 
varres. On a gentle |1M^^"^ 



a gentle 
slope it may not be 
more than three or four 
inches a day ; on a 
steep incline it may be 
half as many feet. In 
summer, when the tem 
perature is above the 
freezing point, the mo 
tion is much swifter 
than in winter — in some 
instances twice as great 
As the i c e - s t r e a m 
makes its way down the 
ravine , fragments of 
rock fall from the con- 
fining banks ai:id lodge 
at the edges. In time, these accumulate until they form 
walls of considerable regularity. These walls constitute the 
lateral moraines of the glacier. If two or more glaciers 
flow into the same ravine, the moraines on the sides that 
join unite to form a medial moraine. In some instances 
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several lueJial moraines may be seen stvetrliing with groat 
regularity for a long Jistanee. 

Toward the lower end of the glaeier, nnieh of this sort 
of roek waste gets to the bottom, in front <if the iee-streani. 
In summer, when the lower end of the glaeier melts to a 
considerable distanee np-stream, the rook waste, consisting 
mainly of large bowlders, is strewn ahing the Ih'iI. Ihit in 
winter, when the iee-front again advances, the si-attert^l 
bowlders are pushed forward, forming across the path oi 
the glacier the long windrow of rock w aste that constitutes 
the fi riiitiioJ iiiori'iiiif. 

The moraines of a glacier are one iif its most interest- 
ing and important features. Not iiifrctjuently the shape 
of the ravine is such that the rocks comiuising the lateral 
moraine are pushed against the sides, forming walls as 
regirlar as though they had been laid by human hands. 
Moreover, while the lateral moraines may decrease in size, 
the terminal moraine is constantly growing in volume. 

Glacial Ice Sheets. — lilacial movements are not con- 
fined to the ice streams of ravines, how ovei'. The slund of 
snow that projects over the edge of a roof is a ]ierfect 
illustration of glacier motion ; and so, too, is the patch of 
snow on a stee}i hillside that gradually t'reeps downward 
or acquires a distorted sha]ie. 

But there are remarkable fields of ice manv miles in 
extent, that exhibit all the phenouiena of glacier move- 
ment. These vast fields are foirnd mainly in polar regions. 
They are not confined In^tw ecu the sides of ravines ; thev 
are ice sheets of vast extent. Trobably the greater j^art 
of the sheet is gradually settling dtnvnward; cmtainly the 
ice in many places is projecting beyond the edges and 
breaking off. 

The Clreenland ice sheet is a striking exani]>le. To the 
best of our knowledge, .almost the entire island is covered 
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with ice and siicnv that have lieeii aecnmulatiuy during 
long periods of time. So far as kuowii the only rocl; 
that reaches above the surface of tlie ice is found near 
the coast, wliere the ice-covering is thinnest. 

Along the southern coast nuich of the ice and snow dis- 
appears by melting. Farther north, however, the ice 
reaches the coast — sometimes descending into the fjords, 
sometimes presenting an ambrokeu wall from live to fifty 
miles in extent. In places the flow of the ice is compara- 
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tively rapid — as much as forty or fifty feet a day. The frag- 
ments broken from the ice front are icebergs. Sometimes 
they tumble from the top ; in other instances the edge of 
the sheet is jjuslied out so far that the buoyant force of the 
water breaks a fragment from the sheet, and it floats off. 

Humboldt Glacier, on the west coast of Greenland, is a 
striking example of the ice- sheet. For a distance of about 
sixty miles, its ragged front, broken here and there by 
rock-cliffs, forms a sea-wall in places several hundred feet 
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high. By f;ir the most stupendous examples, however, 
are those of antarctic regions. Apparently the ice-sheet 
is coutineutal in size and, judging from the thickness of 
the iceljergs, it is prt)l)aljly several miles thick. 

Occurrence of Glaciers.— In general, glaciers begin 
al.)ove the line of ]icrpetual snow and extend usually a 
short distance below it. In high latitudes, where the 
weather is cold, they occiu- at uo great altitude above sea- 
level, but the nearer thej^ are to tropical regions, the 
higher the altitude. In low latitudes they rarely occur 
below the altitude of fifteen thousand feet, while in polar 
regions they usually tlow into the sea. 

The largest stream or ravine glaciers known are in the 
Himalaya Mountains; the best known are those of the 
Alps. Along the northern coast of Norway there are fine 
examples ; in the Patagonian Andes, and along the 
Alaskan coast, almost every arm of the sea contains one or 
more of them. Study the character of these coasts on a 
good map. In the Rocky Mountains there are numerous 
glaciers, but none of them is of great size. Several of the 
glaciers of Mounts Shasta and Tacoma (Rainier) rival the 
Alpine ice-streams in extent. Muir Glacier, Alaska, has 
a frontage of two miles on the sea. 

Most of the rivers flowing from the high slojies of 
mountains that reach above the snow-line have their sources 
in glaciers. Find examples in the Al})s. 

Physiographic Effects of Glaciers. — The results of 
glacial action are readily observed in the glaciers of the 
present time and, indeed, they arc so full of character that 
they are a most excellent key whereby the stupendous 
effects of the glaciers of prior geological times have been 
studied. 

The chief effects of glacial action are erosion and trans- 
portation. Ice alone is so soft that it has little or uo 
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wearing effect on hard rock, but if a moving mass of ice 
drags or pushes fragments of rock along at the sides and 
bottom it becomes a cutting tool of great power. It 
planes, gouges, or scratches, according to the character of 
the rock over which it moves. 

All through the northern United States and Canada, 
nearly to the Kocky Mountains, the surface has been 
scoured by glacial ice, aud many thousand lake basins 




REGION OF GLACIATION IN THE UNITED STATES 



The luavv line shows tlu limit of tcnnmal tuorantcs : erratic bowldci 
localities a little farther south of the line. 



have been made or shaped. In the exposed i-ock of New 
England and New York, the grooved and rounded surfaces 
are one of tlie most marked featiu'es, and everywhere the 
erosion is so characteristic as to reveal its origin. The 
northern Appalachian Mountains were worn and broken, 
and the wide gap between the Adirondack and Catskill 
ranges — both groups being parts of the Appalachian folds 
— was probably made at this time. What has been the 
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effect of this gap ou tlie commereial tlevelopment of New 
York ? That the snii'.-iee of the iee-sheot did uot reach 
quite to the top of the liigiiest peaks of the Adirondack 
aud AVliite Mouutaius is inferred from tlic fact tluit certain 
alpine sjiecies are still found at tlieir summits that do not 
occur at a lower h-vel. 

The same markings are eipially plain tlirougliout nortli- 
ern Europe, and tlie coasts of Norwa}' and tlie British 
Isles probably received tlieir jiresent frayed and ragged 
appearance at the same time that so much of North 
Amercia was covered with glacial ice. 
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The transportation of material is a still more noticeable 
effect of glaciation, and the rock waste that has been 
removed, is commonly known as ilrif/. CTlacial drift is 
unsorted material, and in size the picci's vary from grains 
of sand to bowlders weighing several thousand tons. lu 
character, the gravel of drift differs materially from stream 
gravel; for while the latter is comjmsed of uniformly 
rounded pieces the fragments of the fcn'mer are rough and 
angular, with one or more faC(>s planed smooth. 

Glacial rock waste or detritus has been deposited in 
various forms. Much of it has been spread over the siir- 



WORK OF AVALANCHES AND GLAC'IEKS 101 



face as an imperfectly mixed mass of clay, sand, and gravel. 
These deposits are the A\ell-known //// plains of northern 
Europe and the United States. Not infrequently the 
material occurs in rounded hillocks or drumlins, or per- 
haps in loDg 
ridge -shai^ed 
bars, called 
eslcers. The 
former are very 
common in the 
New England 
Plateau, the 
northern lake 
region, and 
also in Eng- 
land and Scot- 
land. Several 
of the islands 
in Boston har- 
bor are drum- 
lins. 

Near the 
southern limit 
of the glacial 
ice - sheet the 
drift occasion- 
ally takes the 
form of long 
ridges — perhaps many miles in extent, and one hundred 
feet or more in height. In nearly every instance these 
heaps are moraines. A part of Long Island is probably 
a terminal moraine, and several of the ridges that cross 
New Jersey are of similar origin. Many of the low ridges 
extending into the valleys of Colorado are moraines. 
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A remarkable form of drift is foniul in the rounded 
blocks of stone strewu over the surface of the New Euj^laud 
and Middle Atlantic States and a few other localities. 
These are commonly known as erraiic iKur/ders. With re- 
spect to mineral character the bowlders are of many kinds; 
those of the northeastern United States are mainly of 
granite. The most interesting feature about them is 
the fact that they are unlike the rock in the locality 
where they are found ; in some instances they certainly 
have been brought from a long distance. Some of them 
are of enormous size ; one, Split Eock,"-' near Mount Ver- 
non, New York, weighs not far from five hundred tons. 

Iceberg's. — The formation of icebergs along the sea- 
front of glaciers becomes an important factor in several 
ways. The icebergs from the west coast of Greeidand float 
southward during late spring, and during May and June 
cross the routes of trans-atlautic steamships, thus becom- 
ing a menace to navigation. Sometimes several hundred 
of them are drifting about in the vicinity of the New- 
foundland Banks, and remain there until tliey melt or are 
broken up by storms. The huge blocks broken from the 
Antarctic ice-sheet drift about over a very large area, some- 
times being found as far north as latitude 40" S. In the 
North Pacific Ocean the icebergs are small and are rarely 
found beyond the partly enclosed waters of the Alaskan 
coast and Bering Sea. 

QUESTIONS AND EXERCISES.— Describe any effects you have 
noticed with relation to snowslides on the roofs of buildings or steep 
slopes. 

A mass of snow weighing ten thousand tons moves with a velocity 
of twenty-five feet per second ; what is its momentum in foot- 
pounds ? Would this force be sufficient to break off or uproot large 
trees ? 

In a previous paragraph it is stated that the water issuing from the 
end of a glacier is muddy ; account for the presence of the mud. 
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Explain the way in which rock fragments may get to the bottom of a 
glacier. Why are the scratches made by these fragments parallel ? 

Why are there no glaciers in the Appalachian Mountains ? 

The map on p. 157 shows the terminal moraine of the great ice-sheet ; 
describe its course and location. Name two large lakes situated in the 
basin of former Lake Agassiz. 

Describe any evidence of glaciation in the neighborhood in which you 
live, noting drumlins, eskers, moraines, markings and scratches, erratic 
bowlders, or drift. If possible delineate them on a map. 

COLLATERAL READING AN'D REFERENCE. 

Ttxdall. — Forms of Water. 

Ttxdall. — Hours of Exercise in the Alps. 

Le Coxte. — Elements of Geology, pp. 569-583. 

NOTES. 

' It is rare that snow accumulates to a depth of more than ten 
or twelve feet on a level area. On mountain slopes the snow is 
not evenly distributed, most of it finally lodging in ravines and 
places not exposed to the sweep of the wind. In laying the foun- 
dations for the observatory at the summit of Mont Blanc, the 
snow and ice were so deep that no rock bottom could be found at 
a depth of sixty feet. On the western slope of the Sierra Nevada 
Mountains the fall of snow sometimes reaches twenty feet on 
the level, while the drift may be several times as great. 

' Wet clothing hung out to dry in very cold weather first 
freezes and then gradually dries. An inspection of Table III., 
Appendix, shows that at a temperature of —40° F. a small amount 
of moisture may still exist in the atmosphere. 

* The power of wind in drifting loose soil has already been 
noted. But snow is less than one-quarter as heavy as soil ot 
average material ; hence the work of wind is far more effective. 

' In certain parts of the Rocky, Cascade, and Sierra Nevada 
Mountains avalanches are of frequent occurrence, but they are 
by no means so common as in the Alps. In the latter ranges the 
slopes are steeper and the snowfall is considerably greater. It is 
not improbable that such snow-slides are just as common and 
quite as destructive in the Caucasus and the Himalaya Moun- 
tains as they are in the Alps. 
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■'These are the jjoudreuses (pov/dery snow), and they are the 
most dreaded of all siiowslides, Uaiiip snow does not shear and 
move readily ; it is the gatheriuy- ut liglit, dry snow, little l)y 
little, until Anally the whole mass is in motion, that is the dis- 
tinctive feature of this form of avalanche. 

° This form is known as the avalanche de foiid. It is rarelj' 
destructive. 

' The bands are alternate laj-ers of ice and dirty snow. The ice 
is formed of snow that has been sabjected to great pressure. Be- 
cause of the pi-essure all the air has Ijeen scjueezed out, and for 
this reason the ice is tolerably clear and Ijlue. The bands of snow 
contain air and are therefore whitish and opacjue. 

' The ice hummocks are conical in shape and, if present, are 
found almost alwaj'S at the lower end. Not infrequently one of 
tliese hummocks is surmounted l)y a Ijowlder of several tons 
weight. The bowlder protects its support from the heat of the 
sun, while the latter melts the ice around the lower end of the 
column. Sooner or later the iee column breaks and the bowlder 
falls to a lower level, where the same process is again repeated. 

' This peculiar feature at one time gave rise to the opinion that 
there might be an up-stream motion to a glacier. The reason for 
their direction, however, is evident ; the crack or Ijreak is neces- 
sarily at right angles to the direction of the strain. Now the 
movement of the iee is twofold — down stream and away from the 
bank. Therefore when the ice breaks the crack points diagonally 
up the stream. 

'" Many years since this bowlder broke into two parts along a 
cleavage plane. A butternut-tree sprang uii in the cleft and in 
time its trunk has wedged the two fragments apart in the form 
of a Y-shaped opening. In the northern part of Westchester 
County a large erratic block has been deposited on the top of 
three STualler stones, the latter forming a very firm tripod. In a 
number of instances one bowlder has been deposited on the top 
of a boss of rock in such a position that the equilibrium, while 
more or less unstable, c.-mnot be readily overthrown. Examples 
are found throughout the New Rnglantl States, and they are pop- 
ularly known as roi-k/'i/ij stnii.es. TluM'e is a fine example in 
Bronx Park, New Yi.irk City. Rocking stones are also couuuon 
in the glaciated regions of northern Europe. 



CHAPTEE X 

THE WASTING OF THE LAND: THE EESULTS OF 

IMPEKFECT AND OBSTKUGTED DRAINAGE, LAKES 

AND MARSHES 

In flowing from higher to lower levels along lines of 
least resistance, the water may tincl its passage temporarily 
obstructed, or perhaps wholly blocked by obstacles. 
Sometimes a ridge of land jDreveuts its jn-ogress ; in other 
cases a landslide or, perhaps, a stream of lava athwart 
the channel prevents its progress. The water therefore 
spreads out, forming a lake^ pond, or marsh. In places 
where the flow is obstructed, one of two things must occur 
— either the water will collect until its surface is high 
enough to flow over the lowest part of the rim, or else it 
will spread over the surface imtil the amount that evapo- 
rates just equals that which flows in. The area whose 
waters flow into the lake constitutes its hasin. A large 
basin usually has several rivers and many small streams 
that are its tributaries or feeders. 

Marsh Lakes. — In a region of considerable rain-fall, if 
the general slope be very decided, perhaps there may be no 
lakes and ponds, for the reason that the water flows ofl', 
meeting no obstructions which cause it to collect in basins.^ 
On the contrary, if the surface be flat, the water, finding 
no definite channels, spreads over the surface and forms a 
multitude of small ponds. In Florida and along the Gulf 
Coast there are excellent examples, and they are commonly 
called marsh lakes:' 
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A marsli lake of lai'Lje size or considerable cTeptli could 
not form in peii'eetly flat lauds, for the reason that, after 
reaching a certain height, the water would flow off as fast 
as it was supplied. For a similar reason, such lakes coidd 
not he very numerous on a siirface that had a consider- 
al)le slope. ^ Biit while many — perhaps most — of the 
lakes have been formed by the surjilus of rainfall over 
drainage, there are many thousand lakes that are the 
result of factors with which rain-fall has no direct con- 
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uection. The most important are those whose basins have 
been shaped largely by the action of moving streams of 
ice — that is, by glaciers. 

Glacial Lakes. — A glance at a good map of the north- 
ern part of North America shows that the lakes of this 
region are its most remarkable surface feature. As a rule 
they are long and narrow, and if a group of them be con- 
sidered, it is at once ap])arent that their axes, or lines of 
greatest length, are nearly parallel. Careful investigations 



IMPERFECT AND OByTUUCTKr) DIIAINAOK 107 

have shown that not only arc sufh lakes comparatively 
iiiuch (lecp(u- than the marsh lakes previoirsly described, 
but that also, in most instances, their l)asins have been 
wrought in the liardest rocks. In many instances, too, 
their rims are walls of Ijowlders that could scarcely have 
been more regular, had the courses of rock been laid by 
human hands/' 

V^ery frequently such lakes occur in chains, a river fol- 
lowing the course of each chain ; indeed, these lakes are 
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merely incidents in the history of the river. In a few 
instances a cluster of such lakes apparently radiates from 
a central point, as is seen in the " finger " lakes of New 
York. Lakes of this type are closely associated with the 
great accumulation of glacial ice " that formerly covered a 
large part of the northern hemisphere. The lakes them- 
selves are found in glaciated regions only — never else- 
where. They are therefore called ylacial lakes or, in the 
British Isles, tarns. 
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Accidental Lakes. — Tlicro aio other lakes whose 
origin is the result of aceiJeiit ; sueh as the ilestruction 
of a river loop, the Jamming of a stream/ the formation 
of a l)ar across an estuary or eove, or the siuldng of an 
. area of laud. Yer}' many lakes have come suddenly intt) 
existence through one or another of the causes named. 

In the illustratit)ns jip. 110 and 173 there is shown a 
type of lake that is common along the huttom lands of the 
Mississippi and other rivers that flow through level i)lains. 
The origin of such lakes is very apparent. The lakes 
themselves are manifestly the abandoned loops of rivers, 
and they are f(.irmed when the river straightens its channel. 
The moal thus formed remains tilled with water. Perhaps 
a bayou or small stream may be left as a feeder, but more 
likely the moat becomes a stagnant pool, socnier or later 
to disappear — possibly overgrown by vegetation, possibly 
buried \iuder the sediment brought down bj' floods. 

Another type of accidental lake occurs along low, flat 
coasts. These are the layoons of the sea-shore or the lake- 

s h o re. The 
south coast of 
Marthas Vine- 
yard furnishes 
all excellent il- 
lustration of la- 
goons of this 
type. In times 
past, this shore 
was a succes- 
sion of coves 
and small bays. 
But the water 
on this side of the island is so shallow that the waves, 
dragging heavily on the bottom, have pushed enough sand 
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before them to throw barriers across the coves, and shut 
them off from the ocean.' 

Any good map of the United States or of Europe will 
show a multitude of wave-formed lagoons of this character. 
Those near the shore often have more the nature of sounds 
than of lagoons.^ But as the coast, little by little, extends 
seaward, many of them now near the shore will ulti- 
matelj' be at a considerable distance inland. 

Salt Lakes. — Salt lakes have no outlets, and for that 
reason they are salt.'" Nearly all soil contains more or 
less mineral salts that are soluble in water. Even the 
hardest granites and igneous rocks contain a minute pro- 
portion of soluble matter. So when the water flows to 
the basin, it carries with it any soluble matter with which 
it comes in contact. If the lake or pond has an oirtlet, 
both the water and the salt flow off together." If there 
be no outlet, however, the water is removed by e'S'apora- 
tiou, while the mineral salts, which cannot evaporate, 
remain in the basin. In time, the water becomes decid- 
edly salt, and finally, a brine that will dissolve nothing 
more. After this, unless there is an inflow of fresh water, 
the salt sinks to the bottom, and forms also a wide mar- 
gin of crusted salt along the shore. 

Temperature and atmospheric moisture are also factors 
in the origin of salt lakes. High temperature and dr}-- 
ness of the atmosphere both promote evaporation, and 
doubtless there are regions, whose lakes are now fresh, 
that would become regions of salt lakes were the tem- 
jDerature and dryness to increase materially. 

Although salt lakes have no outlets, it is not necessarily 
true that lakes without outlets are salt. As a matter of 
fact, there are many such lakes whose waters are almost 
as sweet and pure as when they fell from the clouds. Of 
this apparent contradiction there are two explanations. 
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In the first place the lakes may Ix; yonug. In this case, 
time only is required to change thi? fresh lake to one of 
brine, and tlie tiuK! will be long or short, according as 
the soil throngli which the feeders flow contains little or 
ninch soluble matter. In the Clreat Basin, west of the 
Rocky ]Mountains, there are several young lakes, whose 
waters are comparatively fresh,'' situated ahuost ahmgside 
lakes of briny saltness. In the second plac(>, all tiie 
soluble matter may have been leached from the soil at 
some prior time when the lake overflowed its basin. 
There are many such lakes in Canada and tlie United 
States. They are not salt, and unless their conditions of 
existence are changed they will mit become salt. 

There are certain lakes, mainly in arid regions, that are 
periodic in character. During the rainj- season tiiey may 
be of considerable size ; they have m) great depth, how- 
ever, and in the dry season their waters evaporate, leaving 
in each basin a thick crust of salt. There are numerous 
small lakes of this character in the western part of the 
United States ; some of those in southern Eussia are of 
considerable area. Lakes of this kind are commonly called 
playa IaJ>rs. Commercially some of tliem ari' important 
on acco^nlt of the enormous amount of salt they yield. 

Physiographic Aspect of Lakes.— Lakes are the most 
transitory features of the earth's surface. Kivers and the 
various I'elief features of the earth are seldom entirely 
obliterated; Init as time is reckoned a lake is the creation 
of a very brief period. Its life is almost ephemeral, and 
various forces are constantly at work to destroy it. Physi- 
ographic agents that have no ett'ect on other features of 
the earth are often fatal to the existence of lakes. 

Among the vari(.)us agents, glaciers are, perhaps, the 
chief. (Ilaciers have l)eeu energetic factors in making 
lakes, it is true ; tliey have also been quite as elective in 
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causing their destruction. The glacier likx'ks the channel 
of a river with ice or with gravel, and in a short time a lake 
is formed. Later it forces a ]iassage through the obstruc- 
tions made, and in a little while the lake has disappeared.'' 
A few old shore marks and, perhaps, a delta or two are all 
that remain to tell the storv. 
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A HL'RIED LAKE BASIN 
Tiu- l\i^n! lus hc^ii JilU-J zcith scJn)i,-iit^ l'rojii:t't into It I'v tlic rivet - 



A change in the level of the lakedied by elevation or bv 
depression always produces great changes in the lake. Such 
a change maj' throw up a ridge so as to form a basin for a 
new lake, but it may also lower the land at the foot of the 
lake and destroy the basin of an old one. Long before the 
existence of the lakes whose remnants are now found in 
the Great Basin, a vast body of water covered much of 
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tliis region. But a change in tlie level of the basin 
occnrrecl, and this, together with jirobable changes in 
climate, caused the great internal seas gradually to dis- 
appear.'^ 

Pi,apidly growing "vegetation is also a potent factor in 
the destruction of lakes. Vegetation has but little effect 
on deep lakes, but in the case of marsh lakes it has a great 
deal. The process is very simple : the roots, stalks, and 
leaves of the dead j^lants fill the basin until there is no 
more room for the lodgement of water. Usually the plant 
begins its growth at the edge of the lake and spreads 
toward the centre, gradually filling the basin, until a deep 
hole is all that remains. The struggle of the lake may be 
a long one, but in the end the vegetation conquers. Buried 
and partly obliterated lakes of this character are common 
in all coast plains and level lands. One near Goshen, 
New York, covering an area of about sixty square miles, 
has disapi^eared within recent times and most of its former 
bed is now cultivated land — the famous "onion fields" of 
the State. 

Winds are sometimes very effective in the destruction 
of lakes, esi^ecially the lagoons along the seashore. The 
manner in which they operate is very simple ; they merely 
carrj' enough fine rock waste into the basin to fill it.'^ 
The I'ock waste is piled upon the windward shore, and 
the latter advances, little hj little, until finally it meets 
the opposite shore. The lagoon is filled, and at the 
same time an estuary becomes a part of the coast plain. 
Such instances are common on coasts that are swept by 
constant winds. 

The foregoing are the most apj^arent agencies that con- 
tribiite to the destruction of lakes ; and although iu many 
instances they operate continuously and systematically, 
they are confined to localities of comparatively small area. 
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But there are other lake-destroj'iiif,' agencies whose opera- 
tions are carried on in alraost every part of tlie earth ; 
their manner may not be quite so apparent, but it is none 
the less effective. " Kivers are tlie mortal enemies of 
lakes." ■^■' The stream that flows into a lake bears in its 
volume more or less silt, which is promptly deposited in 
the lake basin, lit- 
tle by little filling 
it. AYith scarcely 
an exception, at 
the place where a 
stream enters a 
lake, either a del- 
ta or a bar is 
formed. This is 
clearly illustrated 
by the Volga, with 
its mazy delta ; 
by the St. Louis, 
at the head of 
Lake Superior ; 

and by St. Clair Eiver, at the head of Lake St. Clair, and 
in the lakes of central New York. 

The stream that flows out of the lake is equally destruc- 
tive. It cuts away the rim of the basin, lowering the level 
of the lake until the water is nearly or C[uite drained. Not 
a few of the lakes that have disajjjjeared from the earth 
have been destroyed in this manner. 

A diminution in the rainfall sooner or later will also 
destroy a lake. The lakes and old lake-beds in the Great 
Basin illustrate this fact. Formerly Great Salt Lake and 
its scattered remnants — the latter, many of them, now dry 
- — covered an area almost half the size of Lake Superior. 

* Gilbert. 
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LAKE BONNEVILLH AND IIS KEMNANIS 
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At that time the 
level of the lake 
Avas uearly one 
thousaud feet 
higher than at 
present. After- 
wards, however, 
the rainfall de- 
creased and, the 
iiidranght being 
less than the 
loss hj evajior- 
ation, the lake 
dwindled to its 
present size. 

In almost 
ever y part of 
the world are 
found old lake 
shore-lines high 
above the sur- 
face whose level 
t h e J formerly 
marked.'" In 
some instances 
they siu'roimd 
the sites of 
lakes that have 
ceased to ex- 
ist ; in others, 
of lakes that are 



reaching 



a pe- 



riod of old age. 
In any case 
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they serve to demonstrate that lakes are very transit- 
ory. 

Many of the hikes of the United States have disap- 
peared within very recent times. Sevier Lake in Utali 
has practically ceased to exist, and Tnlare Lak(\ California, 
in twenty years has shrunk to less than half its former 
size. The tinger lakes of New York have lost a measur- 
able part of their area in the past fifty years, and the level 
of the Great Lakes has been materially lowered. Li Lake 
Erie the diminution has interfered so much with navi- 
gation that a barrier across the outlet is now contem- 
plated in order to raise the level of the lake. 

Geographical Distribution of Lakes. — Lakes occur 
in all parts of the earth, but they are by no means uni- 
formly distributed ; as a matter of fact about ninety 
per cent, of them are north of the -iOtli parallel of north 
latitude. 

With respect to glacial lakes this law holds almost 
universally true. The only exceptions are the few that 
are found in the southern Andes and the snow-clad sum- 
mits of high plateaus and moiurtaius. Most of them 
are situated in Europe and North America. In the lat- 
ter division alone there are more than one hundred 
thousand glacial lakes. Why are the latter of rare occur- 
rence in the torrid zone? Where in this zone would thcv 



occur 



•P 



Salt lakes are confined mainly to regions of deficient 
rainfall.'' Why are they not common in regions of abun- 
dant rainfall '? Alost of them occur in the basin regions of 
North America and Eurasia ; in the latter region there are 
several thousand. The Caspian " Sea," the largest lake in 
the world, is in this region; its surface is eighty-four feet 
below sea-level. Pkna lakes are numerous in regions 
having a level surface and a light, periodic rainfall. 
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Most of the lakes may be 
£;rouped iu systems wliioli 
oceupy Hues of depression 
ou the earth's siTrface. Two 
such systems are foiiud iu 
the AYesteru aud three iu the 
Eastern Ooutinent. The 
Lilies of the Western Oouti- 
ueut are chietly iu jSforth 
America, aud are embraced 
maiuly iu two systeuis. Tlie 
hrrgest aud most important 
is the belt stretching across 
the northern part of North 
America. An are of a great 
circle drawn from the city 
of Bnft'alo to Point Barrow 
passes through or near a 
chain of lakes that includes 
aboiTt the largest bodies of 
fresh water in the world. 
Find this chain on the map ; 
describe the drainage and 
character of the lakes. An- 
other system extends from 
the northern boundary of 
the United States southward 
through Mexico and the 
Oentral American States. 
Most of these are situated 
in a basin region ; describe 
thinr drainage and character. 

South America is remark- 
able for the absence of lakes 
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in any considerable number. There are playa lakes along 
the eastern base of the Andes, but the only lake of impor- 
tance is Titicaca/* a large body of water near the summit 
of the Andes. Its surface is 13,000 feet above sea-level, 
and it is the highest large lake in the world. Do its waters 
reach the ocean ? 

In the eastern continent a wide belt of lakes, situated 
mainly between the 50th and 60th parallels, extends across 
Eurasia; what is their character? With respect to lati- 
tude their position corresponds pretty closely to that of 
the glacial lakes of North America. These lakes constitute 
the great majority in number, but they are of very little 
importance. 

A second belt follows the high mountain-ranges that 
stretch from west to east across the continent. It em- 
braces the playa lakes south of the Atlas Mountains ; the 
glacial lake of the Alpine and Himalayan folds ; and the 
multitude of playa and salt lakes in the basin region. 
Many of the largest and most of the important lakes of the 
continent are in this group. A third system in Africa 
follows the line of the eastern highlands, and therefore, 
unlike the other systems, extends north and south. 
Next to those of North America the African lakes are the 
largest bodies of fresh water in the world. Name and de- 
scribe the four largest. 

In one respect the Australian lakes are remarkable — 
almost every one is either a playa or a salt lake. Not a 
single one of any importance has an oi;tlet to the sea. 
What does this indicate with reference to the rainfall of 
the continent ? 

Swamps and Marshes. — In some places the drainage 
waters cannot flow off, but remain about even with the 
surface, thereby forming what are variously termed 
swamps, morasses, 'pocosons, hugs, and marshes.^^ 
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luasmuch as almost eveiy condition of imperfect or 
embarrassed draiuage results iu marshy ground, it is evi- 
dent that many ditt'erent factors may bring about such 
conditions. For instance, the surface of the land may be 
so nearly a perfect level that the water cannot rxin off 
until it has completely saturated the soil. Such instances 
are very common : they occur in prairies and the flood 
plains of rivers almost without number. They are com- 
monly, though not always properly, called river terrace 
swainjjs. Quite as frec[uently such morasses form at the 
mouths of rivers, where they form delfn swamp.'i, or estuary 
sivainps. 

In many instances the accumulation of vegetable matter 
results in swamps. Under ordinary conditions the leaves 
and twigs of forest growths quickly decay if they fall on 
dry ground and, as a rule, the products of decay are 
gaseous. XTnder such circumstances, therefore, no great 
amount of solid matter results from such decay. But if 
the ground be tolerably wet and rainfalls are frequent, 
there may be enough moisture to prevent complete decay. 
The vegetable matter gradually acquires a well-known 
condition, in which it consists of a fine, black slime and a 
mass of fi))rous material called pe«/.'^' The accumulated 
matter prevents drainage and a swamp finallj^ results. 
Most woodland swamps are formed in this way. 

Not all woodlands become swamps, however, for the 
character of the vegetation nearly always has more or less 
to do in swamp-making. Several species of splmgnum, a 
kind of moss, are intimately connected with swamps. One 
of these water-mosses consists of very long, thread-like 
stems which, while dead at one end, are living and grow- 
ing at the other. The dead portions do not decay, how- 
ever ; they simply accumulate, packing tightly together 
like an immense mass of sponge. 
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So, if the ground ever becomes wet eiiougli for the 
water-loving sphagnum to get possession, the area will 
become a swamp, even if the accumulations of other vege- 
table material would not result that way. In time a 
hollow, a pond, or even a marsh lake will be entirely tilled 



EFFECTS OF VEGETATION 
Swamp vegetation beguttling at the ihore, are extending oulwarjs. 

with the stems of sphagnum, thus forming pea< hogs and 
lacustrine sioamps?"^ 

If sphagnum once obtains in an area, an absokitely 
level surface is not necessary for the formation of swamps. 
The sphagnum will make its way up a slope of four or 
five degrees and thus form a cUmhiiKj hog. Instances of 
this kind are common in the Scandinavian Peninsula and 



also in Nova Scotia and the New England States. 




EFFECTS OF VEGETATION 

Swamp grasses and sphagnum have nearly filled the take, and ii quaking bog is beginning 

to form. 

Sphagnous growths not only overwhelm shallow ponds 
and lakes, by filling their basins from top to bottom, but 
sometimes they operate against deejjer waters. If the moss 
stems cannot find lodgement at the bottom of the lake they 
will float at the surface, spreading, little by little, until the 
surface is covered. The mat of sphagnum grows thicker 
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and broader, and is made firmer liy pasty matter, that 
results from partial decomposition. In time the surface 
becomes firm enough to serve as the bed of a wagon road, 
or even a railway. But the surface never gets quite firm, 
and when one jumps upou it, or drives a wagon over it, the 
shaking is always perceptilile. In this manner a marsh 
lake is changed to a quakiiy /»«/,-" or jiraii'ic trciiiblanfe. 

There are other species of vegetatiou -' that have more 
or less to do with swamp formation — among them cane- 
brakes. Canebrakes have long been associated with 
swamps, but usually as a )'csult. As a matter of fact, 
canebrakes are not infrequently a cmisc of swamps. The 
roots of the plant, spread out just below the surface of the 
round iu much the same manner as does the sphagnum 
above ground, making fiuallj' a mat that almost wholly 
obstructs drainage. 

Coast or salt marshes are confined to low coast plains. 
They are destitute of water mosses, but they coutaiu other 
species of vegetation that are qiiite as effective. The first 
step in the formation of a salt marsh is an area of shallow, 
still water. Usually this results as soou as a sand-bar is 
thro'\^Ti across a cove or estuary. Waves ju'event the 
development of marine swamp, but in throwing up a bar 
they make the condition that is a foundation for the 
swamp. Iu a few instances sheltering headlands keep the 
water still enough for the growth of nuiriue plauts. 

The next stage is the growth of eel grass, a plant with a 
long, slender blade. This takes root as soou as the cove 
begins to fill with sediment ; it grows rapidlv, and the 
half-decayed remains contribute not a little in filling u]i 
the marsli. But eel grass grows only when covered with 
salt water, and avIicu the decayed vegetatiou, mixed with 
wind-blown rock waste, has filled the cove to low-tide 
level, it perishes. After a time the marsh passes a step 
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higher in its formation, receiving \a,yer after layer of sedi- 
ment that bnild its surface to a level where it is awash at 
high tide only. 

By this time true salt-marsli grasses, reeds, rushes, and 
tiiles obtain possession. These species thrive only when 
their roots are covered with salt water at short intervals. 
They accumulate until the level of the marsh is built 
above the level of the highest tides. When this stage is 
reached turf grasses gradually take the place of salt-marsh 
grasses, and the marsh becomes meadow land. 

Another plant active in swamp-making is the mangrove- 
tree. This tree thrives only in salt water. It propagates 
itself partly by upshoots from the enormous mass of roots 
that trail under water, and partly by seeds. The growth 
and spreading of mangrove roots and trunks is so great 
that coast outlines are extended rapidly and fringing bar- 
riers are formed as well. In Florida mangroves and corals 
are yearly adding measurably to the swamp-land surface 
of the State. 

The tundras of the Arctic coast plain furnish an inter- 
esting example of the combined action of ice, fresh water, 
salt water, and moss. These shores are almost constantly 
covered with ice. Not only are they inundated by tidal 
waters, but also by stream Avaters. The mouths of the 
streams are frozen, and the flood water, finding its chan- 
nels blocked with ice, spreads broadcast over the surface. 

During flood seasons the stream waters are filled with 
sediment, and this is spread over the plain. Moreover, it 
furnishes siifficient nutriment to heavy growths of coarse 
moss, and the latter, in turn, not only holds the sediment 
in place, but it also in no small degree prevents the melt- 
ing of the ice. As a result, this plain is a perpetually half- 
frozen morass, and probably the most inhospitable region 
on the face of the earth. 
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Physiographic Aspects of Marshes. — Not witlistan cl- 
ing the fact that the ai'ea of marshes and swamp is com- 
paratively small, it is probable that much of the land sur- 
face of the earth has lieen a marsh or a swamp in some 
period of its existence. In a way marine marshes may be 
considered as laud at an intermediate stage between sub- 
mergence and elevation. Hence, volcanic areas excepted, 
the shallow lagoon, the eel grass swamp, the barren mud 
flat, the salt grass marsh, and the turf-covered plain is 
each, in turn, an incident in the final elevation of a body of 
land above sea-level. 

Along the coast of the South Atlantic States one may 
find the lagoous and the eel grass swamps ; along the 
shores of the Gulf there are, in addition, very broad mud- 
flats ; '-' in the bay of San Francisco and the adjacent 
waters are many square miles of salt-grass and tule 
marshes ; and almost everywhere beyond the reach of tidal 
waters there are the turf-covered plains. 

The range of fresh-water swamps may not be quite so 
great, but economically they are quite as imjiortant as the 
marine marshes. Their evolution and jihysiography, 
moreover, is rather more complex than the development 
of marine marshes, but in two respects they are alike — 
namelj', vegetation maJces them aiul, in the lorn/ i-iin, it de- 
stroys tliem. 

Vegetation may, and usually does, operate to create 
swanqij' conditions, liut the ju'ocess of destruction does 
not diftbr from that of creation. The accumulation pro- 
ceeds until the sirrface is lifted to a level where the ground 
waters maj' flow (ift'. 

Cultivation destroys swamps, and the process of destruc- 
tion is simple. Most grains and food-stufts require a com- 
paratively dry soil, and the very act of ploughing creates 
drainage channels in which the water flows off. Where 
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ploughing has not been sufficient, ditching and imder- 
draiuing accomplish the same results. 

But swamps themselves exert not a little influence on 
vegetation and its distribution. Many species of tree and 
shrub that thrive in moist or dry soils perish if the soil be 
saturated. Thus, a swamp once obtaining in a woodland 
area, it is a question of time only before many, possibly 
all of the forest species disappear. In almost every fresh- 
water swamp the most marked features are the stumps 
and trunks of dead trees — a result of the development of 
swamjjy conditions. What species of evergreen thrives in 
swampy lands? 

Economic Value of Swamps. — Swamp, marshes, and 
bogs, although practically uninhabitable for human beings, 
have had a very far-reaching effect in the development of 
civilization. In evidence of this the results of the coal-beds 
may be cited. The enormous development of commerce 
and manufactures is due almost wholly to the coal-fields of 
the world, and these almost without exception are the 
swamps and marshes of prior geological ages. 

The swamps of the present time are the most productive 
areas to be drawn upon in the future. The soil possesses 
great depth, and its nutrient qualities are exceedinglj' 
great. Swampland crops themselves are of no little im- 
portance, and the rice-swamps probably supjjly food to a 
greater number of people than all the other grain-fields in 
the Avorld. Incidentally, the world's supply of cranberries 
comes mainly from swamps, and the peat-l^ogs furnish fuel 
to not far from fifty millions of people. 

The Movement of Rock Waste. — In this and the 
preceding chapters it has been shown that the higher parts 
of the land are almost everywhere crumliling and wasting 
away under the action of Avater in one or another of its 
different forms. Eain, snow, ice, running streams, and 
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eveu the winds aro factors that are miceasingly active, and 
their legitimate work is to wear away the land and trans- 
port the niateri;d removed to sea-level. 

Ou the steeper slopes, as a rule, the rock waste is coarse, 
the fragments sonu'times weighing many tons. On its 
way downward it is broken and worn in various ways 
until, at sea-level, it is very tine. Much of it is also min- 
gled with the remains of vegetation, and takes the charac- 
ter called f<oiJ. 

The soil is deposited in river valleys in the form of Hood 
plains, delta plains, estuary plains, and coast jilains. Re- 
view briefly the formation of each. Some of it is arrested 
by obstructions along its downward journey and, tilling the 
depressions in front of the barriers, foi'ms lacustrine plains. 
Name several examples. Explain how all these physio- 
graphic processes ati'ect the liabital)ility of a region. 

The irnstc of tlic old land is 1/ie iiialvrkd of lh<: iicir. 

QUESTIONS AND EXERCISES— Study any lake or pond near 
which you live and classify it as marsh, glacial, swamp hole, or salt ; 
make a map of it. 

Note whether a coast plain is present, or whether the water-level is 
at the foot of cliffs or banks. 

If there is a fringe or belt of coast plain what does it indicate con- 
cerning the present and the former size of the lake ? 

Note whether or not the border is marshy and thickly covered with 
vegetation, or whether it is strewn with large bowlders. 

In what, if any, part are the waters muddy ? From this determina- 
tion endeavor to find where the sediment is chiefly deposited. 

From the foregoing write a description of the body of water. 

From the diagram of the Great Lakes, together with a good map, 
p. 176, prepare a description of these lakes. What will be the effect 
of the recently completed ship canal at Chicago, on the level of Lake 
Michigan ? 

What would be the effect on the character of the water were the 
basin of the Caspian Sea to fill until it overflowed ? 

If the basin of the Black Sea were elevated twenty or thirty feet 
what would the water be, salt or fresh ? 
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Mention some of the benefits resulting from the Great Lakes of North 
America, with reference to commerce, industries, and climate. 

Which of the two Great Lakes may be regarded as a single body of 
water ? Why ? 

The level reach of land in the illustration, p. lyr, was formerly a 
lake ; explain how it became the flood plain of a mountain stream. 

From any convenient source of reference write a description of Death 
Valley, California, or of the Dead Sea, Syria. 

From the section of the marsh lakes, p. i66, prepare a description 
of them, concerning their depth, altitude, and navigability. 

COLLATERAL READING AND REFERENCE. 

RussBLL. — Lakes of Nevada, Physiography of the United States, 
pp. 101-130. 

Le Contb. — Elements of Geology, pp. 80-83, 580-581. 
Shalbb.— U. 8. Geol. Survey, An. Rep't, 1800. 

NOTES. 

' There is no distinction between a lake and a pond, except the 
very indefinite one of size. 

^ Lakes are sometimes formed, however, in places where a steep 
slope joins one that is very moderate. Examples of such lakes 
occur in the eastern slope of the Scandinavian Peninsula and in 
Nevada. 

^ Marsh lakes are rarely more than a few feet in depth. They 
are seldom navigable, and commercially they are of but little 
importance. In Europe many such lakes have been drained in 
order to make cultivable land of their beds. There are several 
instances where such basins are filled with water and used for fish 
culture for a period of several years, and then drained and culti- 
vated for a like period. 

' Occasionally lakes are formed on mountain-slopes by the 
agency of landslips, but they are seldom long lived. Sometimes 
they break through the material that blocks their jverflow, but 
more commonly the outflowing water cuts a channel through it 
deep enough to drain the lake to the Isottom. 

' "Walled" lakes are common in Iowa, Minnesota, and Da- 
kota. So regular are the walls of their shores that for many 
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years it was ooinuiouly lielieved th(>>' weiv artificial and were 
built l>y a prehistoric race of people. As a matter of fact, how- 
ever, the walls are the work of ice. In severe winters these lakes 
freeze nearly to the bottom ; but inasmuch as water increases in 
bulk when it freezes, the ice, in expanclintr, pushed the bowlders 
shoreward. Time and time af;-ain this process was repeated until 
the rocks were imshed liack to a jiosition where the resistance of 
the earth liack of them was equal to tlie pushiui; force of the ice, 

' In scra[iintr out tliese basins not the ice itself, but the frag- 
ments of rock held at the bottom, form the cutting tool. 

' There are several instances in which ttowiug lava has blocked 
up a river channel and formed a lake. In at least two places the 
Columbia River was thus blocked, and the high-water marks of 
the lakes formed are still plainly visible. In each instance, how- 
ever, the river succeeded in recovering its channel and the lakes 
were therefore drained. Accidental lakes, I'esulting from the 
blocking of a river channel by coulees of lava, are counuon iu 
volcanic countries. Still another accidental lake is the crater 
lake, which is merely an old volcanic crater tilled with water. 
Crater Lake, in Oregon, and Lucrine Lake, in Italy, are exam- 
ples of such lakes. The former is about S.oOO feet deep and is 
a wonderfully interesting body of water. 

" Not only have coves of the sea-shore been shut off by bars, 
thus forming lagoons, but the same process has been carried on 
along the shores of lakes. Such lagoons are in process of 
formation at the head of Lake Superior, Lake Erie, and Lake 
Ontario. In each case, however, the formation of the lagoon is 
not yet complete, owing to the fact that the current from the 
river is still able to keep a channel open. 

" Alliemarle and Pamlico Sounds are examjiles. and they re- 
main as sounds for the reason given in the preceding note. In 
other words the sound is often an intermediate stage between a 
bay and a lagoon. 

'"There are a few small salt lakes having outlets, but none of 
importance. They are saline because of salt springs within their 
basins. Not all so-called salt lakes contain couunon salt, how- 
ever ; in many various alkaline substances are found. 

" Near the('ity of IMexico formerly there were several lakes that 
overflowed into a fourth. The latter is salt, the others not drained 
are fresh. Utah Lake overtlows into Great Salt Lake through 
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Jordan River; its waters are fresh. Lake Cliail, in Africa, is 
normally without an outlet. Occasionally, however, in seasons 
of unusual rains, it overflows into the Libyan Desert. This 
occasional overflow is sufficient to keep its waters fresh. The 
waters of the Caspian Sea are kept moderately fresh by a similar 
process. On its eastern border is a gulf, the Karabogas, con- 
nected with the main Isody of the lake by a narrow strait. The 
waters of the gulf are very shallow, and so great is the evapora- 
tion, that a four or five knot current is constantly flowing into 
it from the main Ijody. From this inflow about 3.")0,0()0 tons of 
salt are deposited daily. Now, if this amount of salt were left 
dissolved in the lake the latter would sooner or later Ijecome a 
saturated brine. But because of this separation and deposit of 
salt, the waters have not become perceptilsly Salter, in the time 
since measurements have been made. 

'" It seems a contradietiiju of facts to assert that a salt lake 
may become fresh by a process of drying up ; nevertheless this 
has been the history of many lakes. During a long-continued 
period of deficient rainfall, a lake may dry up, leaving its mineral 
salts as a deposit upon the bottom. In time the winds cover 
this saline crust with a thick layer of fine soil ; and when the 
lake again begins to fill, its waters are fresh. Pyramid and Win- 
nemucca Lakes in Nevada are illustrations ; their waters are 
comparatively fresh. 

" Lake Agassiz, a body of water eonsideral)ly larger than the 
five great lakes, formerly covered a large part of the valley of the 
Ked River of the North. The destruction of this body of water 
was caused proljably by glacial action. It had several outlets, 
one of which was the present channel of the Minnesota River. 

'* This lake preceded any of the lakes now in the Basin Region. 
and was older even than the Uinta Mountains. The bed of the 
lake seems to have been lowered, and this, in part, was probably 
one factor in its destruction. 

''■" It is not unlikely that Lake Moeris, in Egypt, was destroyed 
by winds. It was situated a few miles southwest of the Nile 
delta and disappeared within historic times ; but until within a 
few years its exact position was not known. In this region the 
movement of wind-blown rock waste is incessant, and the amount 
moved in even a few days is enormous. Former canals across 
the Isthmus of Suez, one after another have been filled by rock 
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waste, and there is every appearance to suggest that the isthmus 
itself was fcinued hirgely through anilian agency. 

"The old shore lines of (iri^at Salt Ijake are still a marked 
feature, and, excepting the few jilaces where they have been 
obliterated, they have been siirvejeil througheiut the entire cir- 
cuit of the lake. Old shore lines have been found above the 
present level of Lakes Titicaca and Maracaibo, and also above 
the level of the lakes of the western ])art of the tireat Basin. 
Two old shorelines of Lake Ontario have been found in New 
York, one of which, the "Ridge Road," may be traced along 
nearly the whole extent of the soutlu'rn shore. In time its 
level has been somewhat warped and it has now a grade of one or 
two feet per mile. 

" In many instances the carbonates of alkaline metals are pre- 
sent in such quantities that the waters of the lake are strongly 
alkaline. Many of the lakes of the Ureat Basin .-ire alkaline. 

'"Lake Maracaibo is a lagoon or "clover-leaf" bay, rather 
than a lake of ordinary character. 

"It is dillicult to draw the line between marsh lakes and 
swamps on the one hand, and cjuite as difficult to distinguish 
between the latter and meadow lands on the other. The dhler- 
ence is practically one of degree. A lake or a shallow lagoon 
passes through all the intervening st;tges. 

^" In many instances the emergence of underground waters to 
the surface, bj' peret)lation (see illustration, p. 1)!)!), causes 
swami)S. The various ho/sas on the coast plain between Los 
Angeles, California., and the ocean are formed in this luanner. 

-' It is well to bear in mind that peat is not a plant, but a 
condition of imperfect decomjiosition. that, under certain condi- 
tions, almost all vegetable tissue may assume. The softer and 
more .soluble parts of the tissue are changed to a black sliuie 
popularl}' known as " nuid," are really a. mixture of nearly pure 
carbon and hydrocarbons ; the wood fibre remains. It is likely 
that the incori-ect popular notion has arisen from the fact that 
nearly all the peat used for fuel is derived from .species named. 

'" Although all lacustrine swamps are old lakes that have been 
destroyed by vegetation, not all of them become peat-bogs. In 
many instances the lake is situated north or south of the lati- 
tude in which sphagnum thrives. The ix'^'t-bogs of Ireland 
are historic, but they are not more extensive than those of the 
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Danube. They oecur in nearly every country in which ti[iliag- 
num grows. 

^' Quaking bogs are very common in tlie swamps of the South 
Athrntie States. Usually the mat of sphagnum spreads from the 
margin toward the centre, but in many instances patches of 
the plant accumulate in the open water, forming islands. 
CTenerallythe insular patches are attached to the bottom, but not 
infrequently they float hither and thither. In time they spread 
marginally until the surface is Ihially covered. The mat of 
accumulated sphagnum receives more or less earthy matter and 
becomes a tolerably firm surface. In California one of the lines 
controlled by the Southern Pacific Company was built across a 
quaking bog a distance of several miles. It finally caved in, 
however, engulfing several cars of a freight train. 

'* The various species of rush, flag, reed, and sweet briar are 
associated with swampis and eontrifnite not a little to their for- 
mation. The wild grape and several species of wild .smilax are 
also abundant in swamps. These species, however, are found 
mainly south of the latitude in which sphagnum thrives. 

" The nuid-flat stage is always present; it is merely the area or 
belt that is uncovered at low tide. If the slope is gentle this 
belt may have considerable width — and this is the case along the 
coast of the South Atlantic States and the shores of the Uulf. 
Along shores swept by fairly high tides the mud-flat belt is 
usuallv wide. 



CHAPTER XI. 

OCEAN AVATEKS AND THEIK MOVEMENTS: WAVES, 
TIDES, AND CUEKENTS 

Almost all the plieuomena eomieetcil with the wasting 
of the laud, -with climate, aud with the existence of life, in 
one waj' or another, depend ou the sea, whence conies all 
the waters of the land. In at least two ways the sea dif- 
fers from other bodies of water. It is man}^ thonsand 
times the size of the largest bod}' of fresh water and, 
two or three inland lakes excepted, its surface level is 
lower. Practically it supplies the land with its fresh 
water, and because of its lower level, almost all the waters 
of the land are flowing back into the sea. 

Sea-water is briny and bitter ; doubtless it has always 
been thus, but, inasmuch as the stream waters flowing into 
it are constantly dissolving mineral matter from the rock 
waste and carrj'ing it to the ocean, the amount in the latter 
is constantly increasing. Every one hundred pounds of 
sea-water, on an average, contains about three and one- 
half pounds of saline matter ; most of this is common salt, 
the remainder being chiefly lime and magnesia. The per- 
centage of mineral matter varies. In localities where 
evaporation is rapid, the proportion of salt is larger. 
Thus, in the Red Sea' it is more than four per cent., 
while in the Baltic Sea it is less than one-half as great. 
It is somewhat greater in tropical than in polar regions. 

Bulk for bulk, sea-water is heavier than fresh water. A 
cubic foot of fresh water weighs about 1,000 ounces ; ou 
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account of its niiueral matter the same volume of sea- 
water weighs at least thirty-five ounces more. Tempera- 
ture also affects the deusit}' of water ; if 1,000 cubic inches 
of water at the freezing-point be heated to the temperature 
of a hot summer day, its volume will be increased seven or 
eight cubic inches. The differences in temperature and 
density have far-reaching results ; for upon these varia- 
tions the general circulation of the waters of the sea in 
part are due. 

The temperature of the sea varies with both latitude and 
depth. In general, the surface waters of equatorial re- 
gions are warmest, and in the broader extents of the sea 
their temperature is not far from 26° (79° F.). Toward the 
l^oles it gradually falls, and in polar regions it is rarely 
much above the freezing-point. The variation of temper- 
ature with latitude is by no means uniform, however, for 
in various places warm water dragged by the " skin fric- 
tion" of winds is frequently found in high latitudes. 

With relation to depth the variation is remarkably uni- 
form. In low latitudes the bottom temperature of deep 
water is a degi-ee or two above the freezing-point of fresh 
water ; in polar latitudes, a degree or two below it. In 
shallow waters and land-locked basins, however, the varia- 
tions in temperature are usually very irregular. Thus, the 
entrance to the Gulf of Mexico is blocked by a submarine 
ridge whose crest is 1,200 feet below the surface, and be- 
cause of this, water whose temperature is lower than that of 
the 1,200-foot level cannot enter the Gulf. But even at a 
depth of 12,000 feet, the temperature varies but little from 
that of the 1,200-foot level. 

The freezing temperature of salt water is lower hj two or 
three degrees than that of fresh water, the difference de- 
pending mainly on the amount of mineral salts in solu- 
tion. The ice of the sea is therefore formed in high lati- 



WAVES, TIDES, AND CURRENTS 



193 



tucles, where the teiupcvatiire is much below the freezing- 
pt)iut." 

Sea-ice takes various forms.^ Tlie nearly level and nar- 
row shelf that in polar regions forms along the shore, and 
skirts almost its entire extent, is called the ice foot. Any 
considerable extent of undisturbed or unbroken ice forms 
an ice-sheet or ice-field. When on-shore winds become so 
strong that the ice-field is crushed and jiiledup against the 
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shore, it forms pacJi-ice.* Detached masses floating about 
constitute /?oe.s ; finely broken ice floating on the surface 
constitutes sludge. 

A small part of the ice is caught by currents and winds, 
and carried into warmer latitudes, where it finally melts. 
By far the t^^reat'^r part, however, never leaves polar re- 
gions ; ])ossibly in a few instances it accumulates, but 
most of it melts during the brief polar summer. A certain 
amount of ice certainly floats into temperate latitudes, in 
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tlu^ form (>[ ifclicri/-'^, Init this irr is iidt born of llu> sea,; it 
is frosli Wiitrr ieo tli;it is foruuHl on land, and, in tlic form 
of i^laeiors, nnives down tlio slopes until it breaks off. ' 

Waves. — Tlie alternate^ rising;' and falling;- of siu-ccssivo 
ridijos of A\'ator foi-m waves. Tlie\' va,r>' in si/.e fioni tlu! 




STOl'IM \\'A\'i;s : SUKI-' Ill'il-AKIKS. 

tiiiy-rip]>les nia.do I'.y^ suniniei- brce/.e, in tlie Iiiil;'(' billows 
that toss the largest slii|>s.'' l'^j\(>r\ b(id\' of water upon the 
earth is swe])t b_y wa.Ncs, ami Mi<'s<' arc caused bv the fric- 
tion of the air against tlu^ siu face of the water.' 

'riie motion of the water of llic «aA'e is siin|)h' up and 
down, with a possible rotatoiy inovi'ment; and if the wind 
ceases for u niomout, the tln'or}' holds true. Under ti 
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strong wind, however, the top of the wave is pushed for- 
ward, and if the gale be very strong it breaks into foam, 
forming " white caps" and "scud." Before the strongest 
storm-winds not a little water is blown into spray, and the 
whole surface of the ocean is covered with foam. 

When waves roll in upon a shallow coast their motion 
is also modified. The moment the bottom of the wave 
touches ground it begins to drag. The top of the wave, 
on the coutrarj^ not being impeded, advances more rapidly, 
and finally combs or falls forward, making breakers. The 
water and foam that flow upon the shore constitute the 
surf. 

The distance from the shore at which waves begin to 
comb dejoends partly on the depth of the wave, and partly 
on the depth of water along the shore. Ordinary waves 
rarely exceed three or four fathoms in depth, and therefore 
they do not comb until they are within a few rods of shore. 
Along certain shores of the Indian Ocean, on the other 
hand, where the coast waters are shallow and the waves 
are deep, the latter begin to comb at a distance of three 
or four miles from shore. 

For the formation of the highest and largest waves, a 
deep, open sea is required, and in general the largest waves 
are found in the broadest expanse of water. In calm 
weather, the waves of the open sea are from six to ten 
feet in height ; their breadth is about ten times the height. 

With a wind of twenty or thirty miles an hour, the 
height of the wave is somewhat increased; its breadth is 
materially greater, and the largest steamships pitch con- 
siderably as they ride over them. With the wind at sixty 
or eighty miles the breadth of the wave is increased to 
about two thousand feet ; its height may reach twentj- or 
thirty feet, and its progressive velocity may reach forty 
miles an hour. 
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It is a common belief that tlie waves run liigliest when 
the wind is at its maximum velocity. This is not the case, 
however ; they do not reach their greatest height until the 
lull of the wind ; " then they sometimes roll to a height of 
forty-tive or fifty feet. 

The force with which waves strike an opposing surface 
is greater than is generally imagined. Measurements on 
the coast of Scotland, show that ordinary calm-weather 
waves have a striking force of six hundred pounds per 
square foot ; that of the heaviest storm-waves is about ten 
times as great. 

In navigation it is found that the chief damage from 
storm-waves is due to the battering that the lighter wood- 
work above deck receives." In recent years the old cus- 
tom of spreading oil on the surface to the windward has 
been revived.'" The oil covering the water presents a 
surface that offers comparatively little friction to the wind. 
As a result the waves, although rolling high, no longer 
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break upon the vessel. The latter, therefore, is often 
enabled to withstand storm-waves that otherwise would 
demolish everything above her decks. 

Notwithstanding their tremendous energy, waves are 
superficial. The effects of ordinary, calm-weather waves 
do not extend more than a few feet below the surface ; 
the fiercest storm--waves do not reach more than two hun- 
dred feet below the surface. 
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Tides. — The alternate rise and fall of the sea-level 
twice a day is a phenomenon familiar to everyone who 
has visited the seashore. For six hours the level of the 
Avater, little by little rises, overflowing the shore and fill- 
ing the river estuaries. For a few moments, the water is 
stationary, and then for about six hours it falls — ever 
repeating, never ceasing its oscillations. 

Excepting certain estuaries and bays, neither the high 
nor the low water level varies much throughout the year. 
As the level rises and the water fiows iu upon the shore. 




THE TIDE WAVE : MOON IN OPPOSITION 

the tide is flood ; as it recedes it is ebb ; its highest level is 
high vxder, and its lowest low loater. During the few 
minutes at the turn of the tide it is slack wafer. 

This rise and fall of water is ascribed to the attraction 
of the sun and the moon ; in its nature, the movement of 
the water is practically a wave several thousand miles 
broad. Both the sun and the moon attract the earth. 
The solid portion of the earth being rigid, however, does 
not perceiDtibly bend or yield ; the water envelope, on 
the contrary, is drawn into the elongated form," giving 
the appearance of two wave-crests, one on each side of the 
earth. No matter whether the sun and the moon are 
on the same side, or on opposite sides, their combined 
attraction will produce the same results. If, however, 
they have the position, so that they pull at right angles, 
four tide-waves will be formed — two of the sun and two 
of the moon. 
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THE TIDE: MOON IN QUADRATURE 



In most of the Northern Hemisphere, where the great 
land masses interriipt the progress of the tide-waves, the 
solar tides are merged into those of the moon. Only in 
the broad expanse of the ocean, in the islands of the 
South Pacific, are they distinguishable. When their 

effects are added to or 
subtracted from the lu- 
nar waves, however, the 
difference is consider- 
able. Thus, at new and 
full moon, when the pull 
is exerted in a straight 
line the tides are some- 
what higher at flood 
and lower at ebb ; these are the spring tides. "When the 
attraction is exerted at right angles they are neap tides. 
In some instances the spring tides are twice as high as 
the neap tides. 

Thus it seems that the moon by its attractive force lifts 
the waters of the sea into two great waves. Moreover, as 
the moon revolves around the earth, these waves are each 
dragged around at the same time, in much the same 
manner as though they were fastened to it, each making a 
passage in about twenty-eight days. 

But while these waves are making each its revolution, 
the earth at the same time is turning on its axis, every 
twenty-four hours. The daili/ motion of the tides, there- 
fore, results from the earth's turning on its axis. Every 
point on the earth, accordingly, orerfnh's and passes the 
two waves dail}', very much as though it were slipping 
under them. 

If the surface of the earth were covered with a uniform 
depth of water, the direction of the tide-waves would be 
from east to west. As a matter of fact, the position of the 
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continents prevents any fixuAi uniform direction. Every 
mass of land is an obstacle in the path of the advancing 
wave, and inasmuch as the latter cannot sweep over a con- 
tinent, it must pass around it, or be checked. 

Only iu the Inroad, open waters of the Southern Hemi- 
sphere do the tides move in their theoretical direction from 
east to west. In the North Atlantic the wave is turned 




CO-TIDAL LINES 
The !wrs ihou< tlic pn^rfioii of the crest of the li\ie-wave for each two hours. 



to the northward, and, entering the Arctic Ocean, it is 
diverted to the eastward. '- 

The height of the tides is also affected by the land 
masses. In mid-ocean the difference between high water 
and low water is scarcely three feet. Along the coast of 
the United States it varies from four to ten or twelve feet. 
From New York to Savannah spring tides are about five 
feet, and neap tides about four feet. In the Gulf of 
Mexico the rise and fall is only about one-half as great ; 
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along the Maine coast it is teu or twelve feet ; aud at 
Sitka, .Alaska, from tweutr to tliirty feet. 

The great diti'ereuee is due ehietlT to the shape of the 
shores. If the tide-wave faces a V-shaped estuary the 
advancing body becomes constricted by the narrowing 
shores. Xot being able to spread ont sideways, it is 
therefore increased both in depth and velocity. In Minas 
Basin, at the head of the Bay of Fundy, at times the water 
advances as a solid wall twenty or thirty feet high. The 
piling up of tide-waters iu the form of a wave is commonly 
called a bore. It is a marked feature iu the Amazon, the 
Ganges, and the rivers of the China coast. It is also 
noticeable iu many of the estuaries of the British Isles. 
The spring tide in Bristol Chauuel is sometimes forty feet. 

In many instances the shape of the shore is such that 
the waters of the advancing tide are separated by an 
island lying near the shore, again uniting in the narrow 
strait between the mainland and the island. As a result 
eddies and dangerous whirls are formed. Thus, at Long 
Island the advancing wave is divided, one part entering 
New York Bay, the other. Long Island Sound. The two 
currents meet in the narrow Hell Gate, or ''whirling strait." 
The Maelstrom, an eddy formed by the Lofoten Islands, 
off the coast of Norway, is a similar current.'" 

Ocean Currents. — Throughout the greater part of its 
extent the sea is traversed by cioTents that flow in deli- 
nite directions with a fairly uniform velocity. The water 
of an ocean current has an energy of its o^'i■n, and its mo- 
tion is practically the same as thoirgh it were flowing from 
a higher to a lower level. There are other instances, Iioav- 
ever, in which the movement is almost entirely caused by 
the wind, the direction being wholly a result of the wind. 
The wind-blown waters are called ih'i/ts. Currents are 
deejj, sometimes extending to the bottom ; drifts, on the 
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other liauJ, are superficial. The eurrent luay t;raduallj- 
become a drift, ami a drift may become a current. 

The winds, and the uuequal heating of the waters in 
equatorial and polar regions are thought to be the main 
causes of the general movement of ocean waters ; the 
winds and the rotation of the earth on its axis are the 
chief factors that make them currents and determine 
the direction of their flow." The water in ecpiatorial re- 
gions receiving the vertical rays of the sun is heated to 
a higher temperature than the water in higher latitudes. 
Being expanded a How toward [)olar regions occurs. At 
the sanu> time cooler water Hows toward the equator in the 
form of an undercurrent. Thus a constant circulation is 
taking place — a surface movement from ecjuatoriul to po- 
lar and an undercurrent from polar to equatorial latitudes. 
This general movement is nioditieil by the winds — and 
undoubtedly by the rotation of the earth. '^ 

In equatorial latitudes the prevailing direction of the 
wind is toward the west, and this gives the waters a west- 
erly njovement. A How of water, neai'ly l,ttOt) miles broad, 
called the Eijuntoridl Current, is the result, and, except at 
the places Avhere it is interrupted by the continents, it 
girdles the earth. Itstlowis scarcely more than a drift, 
and its rate is about ten or hfteen miles jier day. Most 
of the warm currents of high and teuqierate latitudes are 
branches of it. 

The Atlantic part of this curr(Mit is dividtnl at the east- 
vvn angle of South America.. The southern branch Hows 
along the eastern coast of this grand division for nearly 
2,UU0 miles; what is its nann- ? CTradually losing its 
energy it l)ecomes a ilrift, and hnally it rt'turns to the 
ei[uatoiial current. l)escril)e the course of the northern 
branch ; what is its name after it emerges fi'om the Carib- 
bean Sea? The Tacihc part of the Equatorial Current is 
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more than 9,000 miles long. At the edge of the Eastern 
Continent it is again divided ; what is the name of the 
northern branch ? of the southern ? Describe the circuit 
of each. In tlie midstream of the Equatorial Current is 
found a narrow belt of water flowing in the direction op- 
posite that of the main stream. It is called the Equa 
torial Counter Current ; no satisfactory explanation for it 
is known. 

The Gu^f Stream is by far the most important of the 
currents of the Atlantic Ocean ; why ? Its sources are in 
the Caribbean Sea. A part of its volume flows through 
Santarem Channel ; a greater part is gathered into Yuca- 
tan Channel ; a small but measurable part is drawn from 
the Gulf of Mexico. These branches unite in Florida 
Strait, and here the stream as a definite current begins. 

At Florida Strait its velocity varies from three and one- 
half to five and one-half miles an liour.^'' To the north- 
ward it gradually decreases until, ofi^ the Labrador coast, 
it ceases to have any motion of its own ; thereafter it is a 
drift dragged by westerly winds. 

The Gulf Stream is not only the swiftest of ocean cur- 
rents, but it is also the warmest. Off the Florida coast 
its summer temperature is 30° (86° F.), and even near the 
Greenland coast it is twenty or thirty degrees (F.) warmer 
than the surrounding waters. Contrary to common opinion, 
it is not a shallow current. As a matter of fact, from Flor- 
ida Strait to Cape Hatteras, it extends to the bottom of 
the ocean. Its drift is pushed northward and eastward, 
and much of it forms a circuit returning to the Equatorial 
Current. A considerable volume, keeping northward, finds 
an entrance to the gulfs and bays of western Europe, reach- 
ing even to the north coast of Norwaj^ 

The Kuro Siwo is the Gulf Stream of the Pacific. 
y^ Some of its waters issue from the Bay of Bengal, but the 
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greater part of its voluine passes among the Malavsiau 
Islands. Tlieuce it flows along the eastern eoast of Asia. 
Oti' the Japan Ishuuls it beeonies a drift, and its waters 
are then pushed by the jirevailiiig winds toward the North 
American coast, performing an oYal-sha|)ed circuit like 
that of the Gulf Stream. 

The Kuro Siwo is not onl}- a niucli feeliler cnr)-ent than 
the Gulf Stream, l.mt it is a cooler sti'eam as well. Its 
summer temperature rarely exceeds '22" (72" F.). and its 
winter temperature is not far from 17" ((13" F.I. In sum- 
mer it extends as far north as the Kiiril Ishuuls : in win- 
ter it scarcely reaches the Japan coast. Iicceiit surveys 
show that, contrary to common opinion, no part of the 
Kuro Siwo enters the Arctic Ocean through Bering Strait. 
lu a few instances only has a setting of water into the 
strait been observed, and these have resulted from sfroug 
sorrtliwesterly winds. The prevailing movement in Bering 
Strait is a feeble flow from the Arctic Ocean. 

It has been definitely ascertained that much of the cir- 
culation of the colder waters of the ocean takes the form 
of undercurrents, but no survej- of an undercurr(Uit has yet 
been made. Two very definite surface currents of water 
have been observed, however, and their position is fairly 
well known. These are the ^intic Currfiifs. One of them 
flows southwards along the east shore of (ireenland, finally 
turning into Baffin Bay; the other flows on the west shore 
and, emerging into the Atlantic, meets the Gulf Stream off 
Newfoundland. 

Ofl' the coast of Cape Hatteras, almost in the track of 
the Gulf Stream, is an ad\ersn current known on pilot 
charts iis " Little llrll." It is marked l>y heavy, cliop]\y 
waves, and persists, even in the face of a strong southerly 
wind. Its waters are cold, an<l it is thought to result from 
the rising of an arctic undercurrent to the surface. 
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The Anfardic Current is the chief movement of cold 
water in the southern hemisphere. It is a drift rather 
than a definite current, however. Its waters are several 
degrees cooler than those with which they finally com- 
mingle. 

Economy of Ocean Currents. — One of the chief and 
most important effects of marine currents is the equalizing 
of the temperature of ocean waters. Without this inter- 
change the heat of equatorial watei'S would sooner or later 
become fatal to many forms of life, and the polar ice-caps 
would intrude far into temperate latitudes. The more 
practical eflscts are seen by comparing the coast of Labra- 
dor Avith that of the British Isles, in the same latitude. 
The harbors of the former are blocked with ice for five or 
six months of the year ; the latter is open the year round. 
The former is bathed by cold waters ; the latter by the 
drift of the Gulf Stream. The port of Hammerfest, situ- 
ated within the Arctic circle, is an open hail^or free from 
obstructive ice all the year round. It is very doubtful if 
warm currents have any perceptible effect on the tempera- 
ture of a region at any considerable distance from the 
coast, but that they keep the coast free from ice is beyond 
question. How does this affect commerce? 

Evaporation is very great along the courses of warm cur- 
rents and the moisture borne with the wind adds no little 
to the rainfall of the regions. AVhen the moisture is con- 
densed the latent heat set free adds warmth to the region. 
Cold currents have a chilling effect on the air, and if the 
latter has much moisture it is apt to take the form of fog. 
The Newfoundland and Labrador coasts probably get their 
dense fogs in this way. Ocean currents thus are indi- 
rectly factors in climate. 

Sargasso Seas. — Within the ovals formed liy the 
branches of the Equatorial Current and their drifts there 
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are extensive accumulations of marine plants. These were 
named by Spanish navigators Zargazzo, or grassy seas. 
The accumulations have been sometimes attributed to the 
eddying motion of the current and its drift, but of this 
there is little or no evidence. Calm water is necessary for 
the growth of these species forming the accumulations, and 
thej' occur most frecpiently in such localities. 

Physiographic Effects of Oceanic Movements. — 
So closely related to one another is the work of waves, 
tides, and currents, that their physiographic effects can- 
not well be sejiarated one from the other. In general the 
work of waves is both destructive and constructive — they 
not only tear away coasts, but they Ijuild them as well. 
On the other hand, the work of tides and cui-rents is 
mainly transporting — they carrj' material from one place 
to another. Although waves act onlj' at the surface, their 
work is none the less effective, and tiiroughout the whole 
extent of coast one or the other of two things is con- 
stantly going on — material is either being removed from 
the shore or else it is being added to it. 

The rugged outlines of coasts to a considerable extent 
are results of wave action. The softer parts are worn and 
broken, while the harder portions that remain largely' con- 
tribute to the frayed appearance of the coast.''' At first 
the harder rock projects in the form of long arms ; then 
these are broken, leaving a multitude of rocky islets. 

Along the coast of the South Atlantic States, the effects 
iu places are still more noticeable. The shores of Cape 
Maj', New Jersey, are wastiug away at the rate of several 
feet a 3'ear, and those of Charleston Harbor require almost 
constant repair, so destructive is the incessant pouudiug 
of the waves. 

On the east coast of England, owing both to waves 
and swift tidal currents, the yearly waste is considerable, 
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and since the time of Henry Till, a belt abont one mile 
in width has been shorn from the Kent coast. '^ Along 
the west coast of Scotland, and especially among the 
Hebrides Islands, are manj' thousand rocky islets rising 
from the sea like spectral watch-towers. They are all that 
remain of a former coast as witnesses of the destructive 
force of the waves. 

As its name indicates, a cliff-girt coast is one that is 
bordered by steejj or by vertical cliffs. The chalk cliffs 
of Dover, England ; the cliff's at Newport, Rhode Island ; 
and almost the whole extent of the California coast are 
examples of this type. Generally there is a narrow strip 
of sand}' beach between the cliff' and the water's edge, but 
sometimes this is absent. In every case the cliffs are 
shaped by the action of waves. On account of a slow sub- 
sidence of the coast, the sea has encroached on the land, 
and little by little, the waves have undermined and bat- 
tered down the shores. 

The constructive and building power of waves is finely 
shown along the coast of the South Atlantic and Gulf 
States and that of the Netherlands, the most noticeable 
feature of which is the multitude of spits, barrier beaches, 
and islands that border it. 

In the building of shores not a little depends on the 
position and direction of tides and local currents. If the 
latter strike the shore broadside, or at right angles, the 
bars and spits take the shape so common along the Gulf 
coast. On the other hand, if thej' impinge upon the 
shore obliquelj-, the sand and sediment are caught by the 
swirl of the current, and deposited in curved forms vari- 
ously known as sandy Jiooks. 

Forms of this character are the rule along the Massa- 
chusetts coast. Cape Cod, Monomoy Point, and Nan- 
tucket Beach are nothing but sandy hooks ; Marthas Tine- 



208 PHYSICAL GEOGRAPHY 

3'artl and Nantucket Islands contain half a score of such 
examples. Sandy Hook Peninsula, now an island and an 
obstruction to the navigation of Lower New Y'ork Baj', is 
one of the most striking examples. Find similar examjiles 
on the shores of the North and Baltic Seas. 

The effects of the tide in scouring out estuaries have 
already been noted, but there are certain effects of tidal 
currents that, at first, are not obvious. Waves are capa- 
ble of battering down a cliff, but they are not able to re- 
move the material, and this, in time, lodging at the foot of 
the cliff, would protect it from any farther assaults of the 
waves. But if the tidal currents remove this material, the 
waves have an unprotected surface upon which to work. 

The bars at the mouths of rivers are nearly always the 
work of tidal currents, and so are many of the " banks " or 
shoals that obstruct straits and sounds. The North Sea 
contains many examples, and Lower New York Bay is so 
full of them that only a small part is available for deej)- 
draught v^essels. 

Ocean currents iindoubtedly transport an enormous 
amount of material. The Gulf Stream sweeps the shells of 
certain marine organisms from the Caribbean Sea as far 
north as the Carolina coast. The icebergs floated by 
arctic currents bring down a large amoirut of gravel and 
l)owlders which are finally dropjsed in lower latitudes. 
Both the bank on which the Florida Beefs are built, and 
that on which the Bahamas have been formed, are thought 
to have been the work of marine currents. It is by no 
means impossible that constant deposition of matter car- 
ried by ocean currents may have resulted in extensive 
changes of level in various parts of the earth's surface. 

QUESTIONS AND EXERCISES.— If possible, evaporate a small 
quantity of stream water of any kind in a beaker, or a porcelain dish, 
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and note the result. Repeat the experiment with rain water. What 
inferences can be drawn that are applicable to the second paragraph of 
this chapter ? 

Prove that ice, bulk for bulk, is lighter than water. 

If possible observe the effects of waves on the shore of any conven- 
ient body of water. Note the character of the work they do, or that 
you find they have done. Explain how waves make beach sand. 

If you are near the ocean, find the season of the year when the tides 
are highest. 

Refer to the map, p. 199, and note the direction of the tide waves in 
various parts of the Atlantic Ocean. What is their general direction in 
the South Pacific ? 

Explain how ocean currents may affect navigation, either favorably 
or adversely. 

In one of the first chapters of his narrative, Robinson Crusoe speaks 
of the great indraught of the Gulf of Mexico ; what feature is meant ? 

Of several thousand sealed and registered bottles thrown into the 
Gulf Stream, off the Florida Coast, a number were found afterward in 
the Caribbean Sea, along the West Indies ; from the current chart, p. 
201, explain their movement. 

From any available cyclopedia, or other work of reference, prepare 
an account of one or more of the following : the Gulf Stream, the Mael- 
strom, the bore of the Amazon, the tides of the Bay of Fundy, the 
Hell Gate, or the effects of storm-waves. 
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NOTES. 

' Color names are of frequent occurrence in the nomenclature 
of the arms of the sea. The color of sea-water i.s both apparent 
and real. The apparent hue is often due to reflection from the 
sky ; the real color to the substances in solution. Shallow water 
is commonly greenish ; deep water a dark blue. The water of 
the Gulf Stream has a peculiar blue color and is instantU' dis- 
tinguished from the lighter colored water on either side. The 
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phosphorescence of sea-water, usually observed in warm regions, 
is due to a microscopic org-anisni, Nort/hica DtHiaris, that, like 
the common firefly, has the power of emitting light. At times 
the wake of a vessel seems like a track of fire. 

'' Bulk for bulk, ice is lighter than water. Solid sea-ice (loafs 
with about one-eiglith of its mass above the surface. If it con- 
tains air-f)ubbles, however, a greater propoi-fion is out of water. 

^ In a few instances the formation known as iinrhor ice takes 
place. It results from the freezing of fresh water at the Ijottom 
of an estuary into which salt water Hows. The ice accunuilates 
on the bottom until its buoyancy overcomes the force with which 
it adheres to the bottom ; then the whole mass rises to the surface. 
It receives its name from the fact that it is very apt to Ijegin 
forming about anchors or other metallic substances lying at 
the bottom. In certain cases these have been lifted from the 
l.iottom iind floated. In some instances large areas of anchor-ice 
have become suddenly detached from the bottom, and the estu- 
ary, a few minutes previously free from ice, becomes filled with 
sludge. This form of ice is also called groiiiid-ice. 

* The formation of the pack is sometimes sudden and frequently 
violent. The crunching froiu side-pressure is so great that not 
only is the ice piled up in huge Vilocks, but the blocks, often 
weighing many tons, are shot up into the air ten or twenty feet. 

' The difference in the form of the Greenland and the south 
polar icebergs is due to the character of the glaciers from which 
they are broken. Antarctic glaciers are derived from .s/iett.s of 
land ice ; Cxreenland bergs, on the contrary, are derived mainly 
from the hummocky ice of glaciers that flow in ravines. It is 
coumionly asserted that most of the icebei'gs floating down 
through Davis Strait come from Humboldt Glacier. As a matter 
of fact scarcely a single one comes from this quarter ; they nearly 
all come from Disko Bay. 

°A breeze of two miles an hour throws the surface of still 
water into ripples two or three inches broad and not far from an 
inch in height. The slope of the wave is rarely the same on both 
sides. The wind pushes the ci-est forward so that the front of the 
w.ave is considerably steeper than the back. Large waves as a 
rule result from the union of smaller ones, and this process goes 
on until, finally, the accunnilation is the greatest mass that the 
breeze of the given velocity can move. 
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' Strictly speaking, it is a matter of adhesion rather than fric- 
tion, and when the wind blows over the sui-face of still water the 
lower surface of the air actually remains in contact with the 
water. In a stiff gale the dragging force exerted on the surface 
of the water by the wind amounts to a little more than one 
ounce on each square yard of surface. 

" The effect of the wind is to push their crests forward rapidly, 
practically flattening them. 

" A stanch vessel loith her head to the wind need fear but little 
from the waves. The latter may smash everything above deck, 
but the hull will ride the waves safely so long as they do not 
board her. Riding so that the waves strike broadside, howevei', 
is a different matter, and no vessel can accomplish it without 
danger of foundering. The danger from waves arises not so much 
from their height but from the possibility of their breaking upon 
and boarding the vessel. Otherwise a ship can ride waves of sixty 
feet as safely as those of six. 

'" In the use of oil and similar sulistances two results must be 
studied — namely, to prevent the growth of waves, and to prevent 
their breaking. In the great majority of instances, however, the 
problem before the sailing master is to prevent the breaking of 
waves. For this purpose it is found that si^erni oil and oil of 
turpentine are the best. In use, the oil is poui-ed into a coarse 
canvas sack and the latter is floated to the windward of the ves- 
sel, being held in position by any convenient outrigging. The 
oil oozing through the canvass spreads rapidly over the surface of 
the water. Instantly the waves, though they may run high, cease 
to break. The following from the log of the Swedish brigantine 
Drott is one of a great many similar testimonials gathered dur- 
ing the past few years by the United States Hydrographic Office : 
"I had seen upon the pilot chart that oil liad been used with 
good effect in calming heavy seas. I started to try it and had two 
bags made of the capacity of two gallons each. These bags were 
stuffed full of oakum, and then one gallon was poured into each, 
half fish oil and half petroleum. A very small hole was cut in 
the bottom of each bag which allowed the oil to drop out freely. 
One of these bags was suspended from each cathead, just out of 
the water, and the result was simply a wonder to me, so much 
so that I could hardly believe my senses. No more seas were 
shipped and all hands turned to secure the main hatchway jarop- 
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crly, which was iui|)(issil)lo tn do hd'ori' on .■iccoiiiit of Ihc risk of 
bi'iui;- waslu'il ovcrlxiard. The loniu'r coniliors wi-rc ihiw ^^rcal 
nillcrs onl\ . not a sra hrcakiiii;- noarrr tliaii thirty tci't I'l'oni Ihc 
vessel. 'Phc crew were now able to |)iniip out the ship and clear 
up the decks ill perl'ei't safety. .Uiont II \\M. I he sc.i hi-oke oxer 
the starlioard side and smashed in one of the hoals, lint this was 
found to Ik> dnt^ to the loss of one of the oil liai^s. and as soon as 
another was put out and kept supplied with oil no more waxes 
came on board." 

" Tliis th«>ory of the tides is not accepled by all astronomers. 
.SV, App, ii.li.v. I'lihlr VI. 

'■ .Vt Laily Franklin Hay. laenten.int (now tienerall (Jreely 
obserxed that the tide came frou\ the north. 

" Dnrini;; pleasant weather the eddx' of tlie ^laelstroui is h;ird- 
ly noticeable during;' slack water, or at the time of neap tides. 
When the Hood or the ebb of sprint; tides is strong', lioxxcxer, the 
curviait is stronj;, and, with a, hard northwi'st wind, it is a dan- 
Ljerons locality. 

" Accordini,' to Herschel and ( 'ai'iienter the xxinds tlu'mselxcs 
pile up the xvaters in e(iuatorial latitudes, thereliy brintiint;' about 
a condition of ineipiilibriuui. Ijieutenanf Maury held tliat the 
dill'erence in specilic i;r;ivitx betxveen the s.altier xv.-iters of eciua- 
tt)rial and the fresher xv.aters of poI:ir ret^ions is competent to 
account tor oci'an curriaits. Tliat each is an important f;ictor 
cannot be denied. 

'" ()\\ inj,' to the turnin;;- of the earth on its axis, a point on the 
(Mjuator ti'axcls 'J.'i.ddO miles in txxent\-fonr hours a speeil of 
about 1,(1(1(1 nules an hour. In latitude (l(t it is only half as 
much. ("lonseipuMitly x\;iti>r lloxviui;' from l.at itude (i(t ' toxx'ard the 
eilu,Mtor, ex'cry point of which li.as a t;re,atcr xclocity, has ,a ten- 
dency to \i\)X. behind. 

'"The velocity X'a.ries not only xvith the season, but also with 
the :v^e. and the passati'e of the moon — th.al is, the v.ari.at ions are 
yearly, monthly, ;uul daily. The velocity is f;re;itest duriui;- sum- 
mer and least in winter. The position of the axis of (he st ream, 
or line of swiftest lloxv, chanf;-es .also with (he .season. .Vn.adx'crse 
wind xvill retard ; ;i lavor;d>le xvind xvill increase its velocity. 
A (piarterint;' xxind or one bloxvinj;' athxxart is apt to push some of 
the surface xxjiter out of the track of the stream, at t he same time 
pusliiii},' colder w.atei- inti> it. The U\i'\ th.at (inlf Stream w.'iter 
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is occasionally pushed against the coast has more than once 
given rise to tlie statement that its position is subject to cliange. 

" Glaciers and glacial action have also had much to do with 
the shaping of surface features of these coasts. The coasts of Ire- 
land, Norway, Alaska, and Chile much resemble that of Maine. 
Their general outline, however, is due to submergence ; with the 
lowering of the level of the land, the waters cover the valleys. 

" During the reign of Henry VIII. the church of Reculver stood 
at the distance of a nule from the shore, but the sea now laves 
its foundation stones. The famous Goodwin Sands, a shoal about 
twenty square miles in extent, southeast of Kent, was formerly a 
part of the mainland. In the twelfth century, during a severe 
storm, this area was washed away by the sea, and has been cov- 
ered with water ever since. The channels through this shoal 
shift with every storm. 



CHAPTER XII. 

THE ATMOSPHERE AND ITS PROPERTIES : WINDS 

The atmosiiliere, or uir, is tlio miseous substauce that 
forms the outer euvehipe of the earth. It rests on the 
hiud and the water, autl probably penetrates both to a 
cousiilerable distance. Being a part of the earth, the 
atmosphere partakes of all the general motions of the lat- 
ter, but it has also certain movements of its own, and 
these are very closelj' connected with life and its envi- 
ronment. 

The air is not a simple, or cJ<:/ncnfnri/, substance ; as 
noted on p. 22, it is a mixture of several elements. The 
chief constituents, nitrogen and oxygen, have the propor- 
tion of about four parts of the former to one of the latter, 
and the proportion does not change materially. The re- 
maining constituents, water vapor, carbon dioxide, and float- 
ing matter vary greatly. The vapor of water rarelj' exceeds 
oue part in one hundred of air. It is nevertheless a most 
imjiortant constituent, for it is in this form that the water 
is borne from the sea and shed upon the land. The floating 
particles of smoke, dust, and other matter are also essen- 
tial, for they aid materially in condensing the water vapor. 

The air is highly elastic. Stop the nipple of a bicj-ele 
piimp and piish the piston quickly; note what occurs. 
Pressure, therefore, decreases the volume, making the air 
delt^n'l•. When the pressure is relieved, the air again 
expands and is less dense or rarefic<l.^ Air next the 
ground is denser than that above, because of the pressure 
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or weight of that overlaying it. The density decreases 
with the distance above the sea ; at an altitude of two 
miles the density is only two-thirds that at sea-level. At 
seadevel a cubic foot of air weighs a little more than one 
Tvoj ounce. 

The force with which the air jjresses upon a given sur- 
face is called its tension ; and, practically, the tension is 
a form of expressing its pressure "^ on the 
rock envelope. At sea-level, the column 
of air rests upon the surface with a press- 
ure of about fifteen pounds on every square 
inch, or a little more than a ton on each 
square foot of surface. The tension varies 
slightly in different latitudes, being a little 
greater near the tropics than elsewhere. 

It is most convenient to estimate the 
tension of the air by observing the height 
of a column of mercury, or quicksilver, that 
will just balance it. The instrument used 
for this purpose is called a barometer. It 
consists of a glass tube closed at one end, 
and filled with mercury ; the open end is 
placed in a small cup filled with mercury. 
The pressure of the air on the surface of 
the mercury in the cup keejjs the column 
in the tube in place. If the column in the 
tube rises it signiiies that the pressure of 
air overhead is increasing ; if it falls, the 



pressure is decreasing. 



The weight of the 
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THE BAROMETER. 



mercury in the tube is just ec[ual to that 

of a column of air, having an equal base, and the two 

balance each other. 

The atmosphere is waruied partly by the direct rays of 
the sun and partly by the heat radiated from the earth. 
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It its also lieated by compression and cooled by expan- 
sion. When a volume of air is compressed, it becomes 
greatly heated. Thus, air that descends from higher to 
lower levels, becomes heated because it moves into a re- 
gion where the density and tension are greater. In the 
same way, a volume of rising air expands and is cooled, 
because it goes into a region where the tension and density 
are less. Heat causes the air to expand and, bulk for bulk, 
warm air is therefore ligliter than cold air.'* If a vohnne 
of air is warmed from freezing temperature to that of in- 
tense summer heat its volume is increased nearly oue-tifth. 

The temperature of the air varies both with latitude 
and with altitude. In equatorial latitudes the mean tem- 
perature of the air over the sea is not far from o'2^ 
(90"^ F.) ; in polar regions it ranges nnich below tT^^ (32'^ F.). 
With respect to altitude there is a fall of temperature at 
the rate of about one degree for every three hundred feet 
of ascent. The eflect is very noticeable in the equatorial 
Andes. At the base of the mountains the heat is intense ; 
at an altitude of ten thousand feet the air is mild and 
pleasant ; at seventeen thousand feet one lives in a region 
of perpetual snow. 

Movements of the Atmosphere. — Like the waters 
of the sea, the air is everywhere in motion. The move- 
ments are both general and local. The attraction of the 
sun and the moon undoubtedly causes atmospheric tides 
something like the tides of the sea,. Their ettects, how- 
ever, are very slight, and practically nothing is known 
about them. 

Sensible movements of the air are called iriiuls, and 
they are caused by changes of temperature. AVlien the 
air at some locality or other is heated to a temperature 
higher than that surrounding, it expands and, becoming 
lighter, bulk for bulk, it is pushed upward by the heavier 
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air that flows in. In this way winds originate. Svich 
movements of the air are everywliere taking phice, and it 
is evident that they are examples of the force of gravity. 

Equatorial and polar regions are not equally heated. 
The former receives the almost vertical rays of the snn ; 
the latter only oblique rays. The air in low latitudes, 
therefore, is wanned and pushed upwards by the inflow of 
colder air. This process results in two great movements, 

namelj^ — a sicr- 

face Jloio toward 
the equator, and 
upper curre.nfs 
from the equato- 
rial toioard po- 
lar regions. 

But the colder 
air comes from 
the regions where 
the speed of the 
earth's rotation 
is comparatively 
slow, and enters 
latitudes where 
it is much great- 
er ; and not be- 
ing able to acquire this speed at once it lags behind, pro- 
ducing a current to the westward. The rising current 
moves into a region in which the speed of rotation is not 
so great, and therefore moves eastward, as well as toward 
the north. 

Winds are usually named according to the direction 
from which they come. But in the two great movements 
described the easterly and the westerly components are 
much more noticeable than the polar and equatorial move- 
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luents. For this reason it is custoiuavy to ivoognize tlirco 
great belts of Avinds — a belt of equatorial or easfcrl//, ]>v- 
tweeu two zones of extra-tropical or westerly winds. Those 
general movements are very strongly marked in the oceans, 
but tliey are greatly modified by the continents ; in inland 
mountainous regions they might escape notice except 
through long-continued observations ; in the great lowland 
plains they are more regular. 

Trade Winds. — Tlie surface winds that How into trop- 
ical regions to take the place of the warm air that is 
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pushed upward, form the well-known Trade AVinds. What 
is their direction in tln^ northern half of the belt? in the 
southern half i:' Toward the centre of the belt they are 
2)ractically strong, steady easterl}' winds. 

The zone of Trade "Winds is about fifty di'grees in width. 
Its position is not stationary ; it swings back and forth, 
north and south, as the seasons change. In the Atlantic 
Ocean the shifting of the belt is not far from eight or ten 
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degrees ; iu the Pacilic it is slightly greater. The belt 
reaches its northern limit in early autnmn ; its southern 
limit iu early spring. The winds are regular and constant 
the year round, and their velocity is not far from twelve or 
fifteen miles au hour. 

Formerly', when most of the ocean commerce depended 
on sailing vessels, these winds were of great importance — 
hence their name. A vessel entering the Trade "Wind 
belt could rely on steady winds with but little interruption 
from cyclones. 

Along the line where the northerly and the southerly 
components of the Trade Winds meet, there is a narrow 
belt which is characterized by an absence of steady winds. 
This belt is the updraught of heated air and is called the 
Equatorial Calms, or Doldrums. This calm belt is scarcely 
more than two or three hundred miles in breadth. Some- 
times vessels were becalmed several weeks in crossing it. 
The wind comes only in fits and puffs, or with an occa- 
sional thunderstorm of great violence. 

Prevailing Westerlies. — The air that flows from equa- 
torial regions as an upper current,^ in temperate latitudes 
sinks to the surface and becomes a belt of westerly winds, 
now generally called the Prevailing Wcsfcrlies ; "^ what is 
their direction in the Northern Hemisphere ? iu the 
Southern Hemisphere ? Like the Trade Winds both belts 
move northward and southward with the changes of the 
seasons. 

In the Northern Hemisphere the Prevailing Westerlies 
are neither so strong nor so steady as the Trade Winds, 
and iu higher latitudes they often give way to winds of 
northerly origin. Ou the coast of the Gulf of Mexico the 
Prevailing Westerlies, in the summer season, are reinforced 
by Trade Winds which are deflected by the highlands of 
Mexico. The resulting winds sweep up the MississiiDpi 
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Valley find thence turn across the Atlantic, carrviiit; with 
tliem a great deal of the moisture that snjiplies the East- 
ern United States with rain. 

In the Southern Hemisphere, the Prevailing "Westerlies 
are best known as the Ilimrinij Forties. They cover a 
very broad stretch of sea, and they furnish an excellent 
illustration of the theoretical movement of the constant 
winds. When the trade route between Europe and the 
East Indies lay around the Cape of Good Hope, the Roar- 
ing Forties were a verj- important factor, as the sailing 
master could depend on a tweutj' or thirty knot breeze the 
year round. It was then a common practice for vessels 
bound for Australia or New Zealand to continue the route 
eastward and return by way of Cape Horn. Trace this 
route on a globe. 

The descent of the upper currents to the surface, which 
is the origin of the Prevailing Westerlies, is marked by 
calm belts — the Calms of Cancer, and the Calms of Capri- 
corn. Like the zones of constant winds the calm belts 
also shift north and sonth with the season. They are in- 
terrnpted by the continents and are scarcely to lie noticed 
within a hundred miles of their shores. The Calms of 
Cancer are the well-known " Horse Latitudes." '' The Cahns 
of Cajiricoru are the wider and more continuous of the two 
calm belts. 

Monsoons. — Along mauy coasts having a southerly or 
a southwesterly exposure the suuimer winds have a direc- 
tion nearly opposite those of the winter season ; that is, 
about half the year they \Ao\v front the sea ; the remaining 
half toicard the sea. These winds are called ))ioiisoons.'' 
Two causes operate to give these winds their peculiar 
character — in some instances singly ; in others together. 

In the first place, any great body of laud is apt to be- 
come much warmer than the sea in summer and colder in 
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winter. As a result, iluriiiL? summer there is au updrauglit 
oi warm air jmslied upwartl bj the iiitlt)\v of sea air. In 
wiuter the couditious are reversed ; cold air tlows from the 
laud to the sea. In other instances, a region may be so 
situated that it is iu the southeast Trade Winds at one 
part of the year, and in the northeast part the remainder. 
The monsoons of the Mexican coast are prol)ably due 
to this cause. 

The most remarkable monsoons, however, are those of 
the Indian coast.* From April to October the st)uthcrly 
half of the belt of Trade Winds reaches far inland, jiouring 
a deluge of rain ujiou the land. During the rest of the 
year, on tlie contrary, the southerly part of the belt has 
reached southward, and the northerly half extends consid- 
erably beyond the coast, parching the land and withering 
vegetation. The tremendous npdraught of warm air aids 
materially in giving strength to these winds. The " break- 
ing "or change of the monsoon is usually attended by a 
number of terrific storms. 

Along the Gulf coast of the United States the defiected 
Trade AViuds of the summer season, noted on p. '218, that 
flow up the Mississippi Valley are replaced by Prevailing 
Westerlies that are turned tfaini the valley. Tlu^se winds 
may be regarded as nuuisoons, but they are neither so 
r(^galar nor so strong as the Indian monsoons. 

Day and Night Breezes. — The difference between the 
temperature of day and night is surticienth" great to result 
in stroi>gly marked local winds. Thus, along the coasts, 
especially warm regions, the updrauglit of the land caus(>s 
a, stiff' on-shore wind during tli(> day, while at night the 
air over the land, being more (|uickly cliilhMl, flows down 
the slopes toward the sea."-' Thus tlier(> results a sort ol 
daily monsoon, or day and night local wind. Coast fisher- 
men frequently take advantage of such winds ; they go 
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out in the morning with an oii'- shore, and return at night 
with an on-shore breeze. 

Similarly, in uioiuitainous countries the air upon the 
higher slopes is commonly heated and cooled more rapidly 
than in the Yalleys. As a result there is often a strong 
wind blowing up the valley by da}-, and tlowiug dmcntrard 
at night. Mouatain valley winds of this character are ver}' 
common in almost every rugged country. Which is the 
better indication of the general direction of the wind — that 
noted at the ground, or the movement of the clouds ? 

Local and Variable Winds. — There are many winds 
occurring at irregular intervals that are confined each to a 
particular locahty. In most instances these winds are 
confined to desert regions and arid lands, or else they re- 
sult from the proximity of the latter. Almost always they 
are \erj " dry " winds. 

Thus, the XortJiers of Texas and Mexico are cold winter 
winds of several days' duration that blow from the high- 
lands of the Plateau region. The Cldnooh and Snnfa Ana 
winds of the western highlands of the United States are 
descending, and therefore warm winds blowing from arid 
regions upon fertile lands. In southern Europe they are 
called Foelni winds."' The Pamperos are similar winds 
flowing from the cold slopes of the Andes over the arid 
jmmpas of Argentina. The Punas of the Peruvian table- 
lands are of the same nature. 

In the vicinity of the African desert are the famous 
Jlisfral and the Etesian winds, both blowing from the 
snow-clad AljDine ranges toward the desert, while the 
Sirocco, like the Chinook, is a hot wind that in summer 
blows from the desert. The Harmcdtan is a warm winter 
wind, blowing from the desert to the Guinea coast. Aside 
from these there are several winds peculiar to desert re- 
gions. Chief among them is the Simoon, a fierce blast of 
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liot air and rock waste, that neither man nor beast can face. 
It is common both in the Ohl World and tlie American 
deserts. A mihler form of this wind along the lower Nile 
valley is called the K/iniiisiii. Classify these winds as 
either hot blasts from the desert, or colds winds blowing' 
into it. 

The most interesting of all desert winds, however, 
are the sand whirls. These occnr in the morning when 
the air is still — iiercr when wind is blowing. lender a hot 
snn the air next the earth becomes considerably heated, 
having a liigh temperature. Alcove the ground the air is 
cooler at the rate of one degree F. for every three hundred 
feet. Thus there is formed the very unstable condition 
of a layer of heavy, cold air on a surface stratum that is 
much lighter. Such a conditicni cannot last long, and 
sooner or later some slight disturbance or other starts a 
slender column of air upward. 

Immediately the stratum of cold air begins to settle, 
and, as it descends, it forces the warm air upward through 
the self-made passage. The ascending colunni begins to 
whirl, and soon its motion is rapid enough to carry with it 
a cloud of dust and tine rock waste. 

As a rule these whirls begin when the snn is two or 
three hours high, and continue until the wind begins to 
blow. The latter, by mixing the warm air with the cold, 
prevents their formation until a calm again begins. Oc- 
casionally such whirls develop into very vigorous " sand 
spouts." 

Physiographic Effects of Winds. — As an agent in 
wearing away the surface of the laud, the wind acts in dif- 
ferent ways. It may alter the chemical comjiosition of the 
rock with which it comes in contact. It may carry minute 
jiarticles that cut away softer material. It may transport 
material from one place to another. The chemical action 
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of air is due mainly to the water and carbon dioxide which 
it contains. It is manifested in the gradual crumbling of 
many rocks, when the latter are exposed to the air. The 
rocks most affected are certain iron ores and granite rocks. 
Dry air may atfect rocks by chemically withdrawing the 
moisture they contain ; moist air may affect other kinds Ijy 
chemically impairing water to them. In either case the 
rock sooner or later crumbles. 

The impact of minute particles carried by the wind is 
esijecially noticeable in the western highlands. In regions 




SAND-BEATEN ROCKS 

where sand winds are prevalent the surfaces of the hardest 
rocks are worn, channelled, and polished from this cause. 
Manj' of the " needles " or rock spires of this region have 
been sculptured into fantastic forms by a'oIia?i or wind- 
blown rock waste. In certain parts of the (!olorado and 
Mojave Deserts, telegraph-poles have been cut through in 
a few months by the same agency." 

The transporting power of the wind is confined chiefly 
to sea-shores and regions unprotected by vegetation. 
Why? The wave-formed islands and barrier-beaches of 
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the Atlantic aud Cxulf coast liave fouiulations of sea socli- 
meuts, but the above-water part consists of wind-blown 
material. The sand-dunes of sea and lake shores are ex- 
cellent illustrations, and in regions swept by monsoons the 
dunes travel seaward during one season and landward the 
other. A wave of sand about a mile long and seventy feet 
high at one time inundated a part of Cape Henlopeu, mov- 
ing at a rate of about fift_y feet a year.'' 

Between the silt brought down by the C'olorado lliver, 
and the tierce winds of that reiriou, the Gulf of California 




has been ciit in twain, and most of the severed portion 
tilled with rock waste to a height now considerably above 
sea-level ; indeed, all through this region dunes are con- 
stantly forming, shifting, and re-forming. In western 
Nebraska, where the rainfall is not suthcient to grow pro- 
tective vegetation, dunes are common. 

Very notable examples of the transporting power of 
wind occur in China. In the basin of the Hoang lliver 
there are aH>lian deposits citvering many tluuisand square 
miles to a depth of several hundred feet. These deposits, 
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called loess — from a Geriiiau word meaiung " loose " — are 
thought to come from the desert region to the westward. 
In many places the rivers have cu.t their channels through 
the loess, and the latter not only colors the water of the 
river, but imparts a yellow tint to the sea into which it 
flows. 

Jiolian deposits have filled most of the valleys of the 
Basin Region of the western highlands. The ranges stand 
out in bold relief from an ocean of level rock waste. Many 
of the valleys of the Kocky Mountains have been tilled and 
levelled in the same manner. 



QUESTIONS AND EXERCISES,— Devise or describe an experi- 
ment to show that air has weight ; show that it is elastic ; show 
that heating a volume of air causes it to expand ; using a bicycle 
pump, show that compressing air warms it. 

What is the prevailing direction of the wind in the locality in which 
you live? Consult the records of the nearest weather station and com- 
par&the number of days of westerly winds with the number in which 
the wind is from other directions, 

The tropical calm belts are regions of descending air-currents ; is the 
air apt to be chilled or warmed by this movement ? 

Read Stedman's poem, " The Simoon," and compare it with the 
description in any standard cyclopedia. 

Why are northerly winds apt to be cold ? 

Explain the manner in which street whirlwinds are formed. 

Note any instance of the physiographic effects of winds in the lo- 
cality with which you are best acquainted ; prepare a description of it. 

In what way do the general winds affect the temperature of the 
earth ? 

Note any examples in which winds accomplish worli that has an 
economic value. 



COLLATERAL READING AND REFERENCE. 

U. S. Coast Survey.— Atlantic Coast Pilot Chart, for March 
and September, or February and August — any year. 
Lb Conte. — Elements of Geology, pp. 1-8. 
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NOTES 

' At a heifclit of fifteen thousand feet the air is so rare that 
breatliing is labored and tlie ])ulsations of the heart are very 
rai)id. (^'limbing becomes dlfHeult and any form of exertion is 
very wearying. Water l)oils at aljout 85° (ls,j° F.), a temperature 
so low that it is diflieult to eook vegetables by boiling. 

'' Approximately the pressure is one-half a pound for every 
inch in the height of the column of mercui'y. At the level of the 
sea, the height of the Ijarometer varies usually between 29 and 
30.4 inches. 

' It is well to bear in mind that the common expression, "hot 
air rises, because it is lighter," is not strictly correct. The hot 
air does not rise ; it is puslied upwards and floated on the surface 
of the heavier air. 

■■ The height to which the updraught rises before it turns 
toward the pole is not known, except in two or three instances. 
On the Island of Hawaii, the Trade Winds reach an altitude 
of about twelve thousand feet. Above this elevation the winds 
have almost an opposite direction ; they are the winds that, a 
few degrees farther north, descend to become the Prevailing 
Westerlies. 

'' The Prevailing Westerlies are also called return-trndef:, anti- 
trades, and cirunter-trndes. The name here used is now com- 
monly employed in meteorologj^. 

" Many years ago, wlien most of the foreign carriage was 
effected by sailing vessels, there was a brisk trade in horses 
between tlie ports of tlie New England (States and the West 
Indies, nearly all the horses used in the latter country being 
obtained from New England. Frequently the vessels were be- 
calmed in this belt, and it became necessary to throw overboard 
half the number of horses, in order to save the remaining 
animals. 

' The name is derived from a Malay word, meaning " season." 

' On account of its inland position, Central Asia is marked l)y 
great extremes of temperature. During summer its vast deserts 
are almost like a fui'nace, and the updraught of heated air is so 
enormous that it causes atmospheric disturbances two thousand 
miles away. In winter the dry air is chilled many degrees below 



Tirp] ATMOSPHEUE AND ITS PROPEUTFES 239 

that of the warm sea-ah-, and, being eorresponding'ly heavier, 
flows outward toward the ocean. No otlier )jody of land p(js- 
sesses the qualities requisite to produce monso<_>ns that compare 
with those of Asia. 

" A similar movement of air is noticeable in nianj' large caves 
— esi>eeially those that have openings at different levels. In the 
daytime air in the cave is usually colder than that outside, 
while at night it is warmer. As a result, at night there is a 
strong in-drauglit of colder air at the lower entrance, and an up- 
draught at the higher opening. In the daytime these move- 
ments are reversed. 

'"These three names are applied to winds that have certain 
principles in common. Warm, moist air is pushed up the side of 
a mountain-range ; being cooled either by its own expansion, or 
by contact with the colder mountain top, its moisture is con- 
densed ; the air then descending on the other (or possibly the 
same) side warms very i-apidly by its own compression. Tlie 
effect is very marked ; snow disappears very rapidly — hence the 
popular name "snow-eaters." The descending air is not only 
warm, but it is so dry that in summer it withei-s vegetation. 
The Chinook wind gets its name from a locality in < )reg(jn, 
whence it seemed to come, but the name is now aijplied to warm 
winds that flow from the Rocky Mountains out on the plains to 
the East. Following a blizzard, it quickly melts the snow that 
covers the scanty feed of the cattle herds. The Santa Ana is a 
hot dust-driving wind comUKjn in southern California and 
Mexico. 

" Some years ago tlie author left an octagonal steel drill in an 
upright position exposed to the full sweep of a desert wind. Six 
months afterward, when the drill was removed, the angles had 
been almost obliterated by the impact of rock waste. 

" It is likely that a fire, which in 1838 burned oS. the vegeta- 
tion protecting the ridge, was responsible for starting this dune on 
its travels. In 1845, General Joseph E. Johnston, then a govern- 
ment engineer, noticed that nortli winds were very actively at 
work in picking up sand from the seaward face of the dune and 
carrying it over the crest to the landward side. Little by little 
the wave of sand overwhelmed a strip of pine barrens and filled 
a salt marsh beyond. Then it advanced u[)on a heavy growth of 
timber and, in time, covered all but the tallest trees, killing them 
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as effectually as though they had ))een swept by fire. As the 
years passed by the wave steadily advanced, and the wind Isegan 
to uncover the buried surface in the rear. First the strip of 
pine barrens re-appeared, and then the salt marsh was cleaned 
out and promptly reclaimed by the tide. Even the pine barrens 
began to show signs of life and a growth of young trees sprang 
up. Within the past few years the advancing sand has begun 
to uncover the forest, and a l.)order of dead trees now Hanks the 
rear slope. Near the eastern end of the dune is Cape Henlopen 
light-house. A straggling i-idge of the wave entered the yard, 
covered up the oil-house and the garden, and then took posses- 
sion of the keeper's cottage. The Government acknowledged 
its inability to cope with the dune by erecting a new cottage on 
the other side of the tower. 



CHAPTER XIIT. 

THE MOISTURE OF THE ATMOSPHERE ; SEASONAL 
AND PERIODICAL DISTRIBUTION OF RAINFALL 



The vapor of water mingled with the atmosphere, in a 
way, may be considered a part of it ; ' but, if all the other 
constituents were absent, the water vapor would exist as an 
atmosjjhere in itself, and its movements would be the same 
jn-aotically as those of the winds. 
But while the proportion of oxygen 
and nitrogen of the atmosphere do 
not perceptibly vary, that of water 
vapor is subject to rapid changes. 
The amount present depends on one 
thing only — temperature. With a 
high temperature there may be a 
great deal of vapor mingled with the 
air ; with a low temperature there 
can be but little. 

Changes in humidity are usually 
apparent to the sense of feeling, and 
one readily learns the difference be- 
tween moist and dry air.'^ In many 
instances they may be forecast by 
observing the clouds. If the latter 
form rapidly, or if small patches of 
THE HYGROMETER, cloud iucrease in size, the humidity 
is increasing. On the contrary, if 
the cloud area is becoming smaller, it is highly probable 
that the humidity is decreasing. 

331 
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The amount of moisture is determined in various ways 
Most commoulj' tlie hijyromefcr, an instrument employed to 
measure the amount of moisture, consists of two thermom- 
eters, tlie bulb of one being covered with a single thickness 
of wet cloth. If the air Ije dry, the water that saturates 
the cloth evaporates rapidly and chills the bulb, so that 
the reading of the thermometer is several degrees lower. 
If the air is moist, on the other hand, very little evaporates, 
and the difference in the reading of the thermometers is 
very slight. From the difference in the readings of the two 
thermometers the amount of moisture may be calculated. 

Dew Point. — Table VII., Appendix, shows the amount 
of water vapor there may Ije in the air at various tempera 
tures.~ With the thermometer at 66° F., for instance, 
there may be seven grains in each cubic foot of atmos- 
phere. There might be less, but there can be no more; 
if more l)e added it would immediately condensr — that is, 
change to rain or snow. From this table find whether or 
not there may be vapor in the air when the temperature is 
below freezing-point of water. Compare the amount at 
70° F. and 90° F. Learn the temperature at the time of 
recitation, and find the amount of moisture there may be. 
What is tlie general law shown in this table, so far as tem- 
perature and the percentage of moisture are concerned ? 

When all the vapor that can exist at a particular tem- 
perature is present, the air is said to be saturated or at the 
dew-pdint. This condition is unusual, however, except 
when rain is falling ; generally the amount present is con- 
sideral)ly less than that required for saturation. From the 
amount present one may easily compute the relative hu- 
itddity ; thus, if half the quantity required to saturate the 
air is present, the relative humidity is fifty per cent. What 
is meant when the relative humidity is eighty per cent.? 
If the amount is near the dew-point, the air is moist ; if 
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the I'elative humidity is low, it is dry. Air that is moist 
at a given temperature may feci very dry at one that is 
higher, even thougli no more moisture is present. 

Latent Heat of Evaporation. — Water is changed to 
vapor by heat. When Avater boils it reaches the tem- 
perature at which it begins to change rajjidly to steam. 
No matter how iiert^e the lieat may be, the water (unless 
it is confined under pressure) gets no hotter, and the steam 
given oil has a temperature no higher than that of the 
boiling water. 

All this heat is absorbed in the work of changing the 
water to steam, and it is called the latent heat of steam. It 
has not been lost, however ; it is merely stored-up energy. 
It is retained just so long as the water remains in the form 
of vapor ; it is given out the moment the vapor is con- 
densed, or changes to a liquid. 

This property of water is one of the greatest importance, 
for, as will be shown, it is a chief factor in the atmospheric 
disturbances called storms. The amount of heat thus ren- 
dered latent is very great. For every pound of water con- 
verted to steam, as much heat is required as would raise 
nearly half a ton of water one degree F. 

Dew. — Dew is the moisture that gathers on the ground 
after sundown. Both the air and the ground lose a part 
of their heat. The latter cools more rapidly, however, 
and finally the layer of air next the ground is chilled be- 
low the dew-point. When this occiirs, the excess of vapor 
in the form of minute drops gathers on the grass and on 
other objects near the ground. The moisture that gathers 
on the outside of a glass of iced water is an example. 

Dew does not alwaj^s form at night, and for this there 
are several reasons. A stiff breeze may keep the air 
thoroughly mixed, and thereby prevent any part of it 
from being chilled to the dew-point. The air may contain 
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so little vapor that a fall of fifteen or twenty degrees does 
not bring the temperature to the dew-poiiit." A cloudy 
sky, especially if the clouds hang low, jirevents the radia- 
tion of heat, and the formation of dew/' 

The amount of moisture in the air varies much. In 
tropical regions, esi^ecially tlnjse near the sea, the amount 
is proportionately very great. Sometimes it is so near 
the point of saturation that the air Ijecomes haz3^ In 
such regions dew forms copiously. In temperate latitudes 
the amount is much less than in tropical regions. 

In the California and Sound valleys, where there are no 
sumiiier rains, the fall of dew in early summer is excessive, 
and to a great extent the grain crop is dependent upon it. 
The same phenomenon occurs in mountain valleys of South 
America, of Asia, and of northern Africa. 

If the dew gathers on the surface of an object and there 
freezes, or if it freezes while in the air, and the minute 
crystals fall to the svu'face, froHt is formed. A temperature 
of 0"" (.32° F.) or less is necessary to the formation of frost. 
Except at considerable altitudes frost does not occur in 
tropical regions. In temperate latitudes it may occur at 
any time between late fall and spring. Late spring frosts 
are apt to occur after fruit-trees have budded, and they are 
therefore commonly known as Icilliiig frosts. The cold 
wave that follows a spring storm is very apt to lower the 
temperature to the freezing-point, and if the air be moist, 
a killing frost commonly occurs. Fortunately its occur- 
rence usually can be predicted 

CIouds.--Wlien the temperature falls so low that a part 
of the va])or is condensed, the latter does not at first 
gather into large drops ; on the contrary, the drops are so 
minute that they float in the air. This floating mist of the 
air is called fog or dond^ according as it is at the surface 
of the earth or high in the air. 
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Nearly always the air is filled with diist-motes and other 
floating matter, and much of the condensing vapor gathers 
on these. Not only do the dust-motes form a lodgement 
for the condensing vapor, but they cool more rapidly than 
the air, and thereby quicken the process of condensation. 
Floating matter in the air thus becomes an active agent in 
cloud formation. The cooling of the air l^elow the dew- 
point, however, is the essential, and this may occur in 
several ways. Thus, when a mass of air is pushed upward, 
not only is it chilled by going into a cooler position, but 
it is also cooled by its own expansion. It is probable 
that the greater amount of cloud is formed in this manner. 
Thus, in equatorial regions, 
where there is a constant 
up-draught of warm, moist 
air, there is a perpetual 
cloud-belt. 

The intrusion of warm 
winds into cold regions, or 
of cold winds into warm re- 
gions, is also a common 
cause of fog and cloud. If 
the intruding wind is at the surface of the earth fog 
results ; if at a considerable elevation cloud is formed. 
The fogs and cloud banks so common off the coast of New- 
foundland are formed in this way. 

Whenever a warm sea-wind blows against a high moun- 
tain-slope, a part of the air is driven up the slope, and, 
some of its moisture being condensed, cloud is formed. 
Almost always high mountain-crests near the ocean are 
shrouded in clouds, and not infrequently a cloud banner 
streams from the leeward side of a high peak.*^ 

Clouds usually take characteristic forms, and these are 
governed mainly by the presence or absence of wind, or by 
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their height. CimiK clouds are liglit and featliory in ap- 
jDearance and commonly white in ccjlor. These clouds take 
various forms. When they are flaky or fleecy they are the 
" mackerel " clouds heralded by sailors as forecasters of fine 
weather; but cirrus " streamers " are frequently fovind as 
an advance indication of an approaching cyclone. Often 
the patches of cirrus cloud are ranged in parallel strips ; 
and occasionally they radiate like the spokes of a wheeL 




CUMULUS CLOUDS 



Commonly their altitude is between five and ten miles. 
On account of their great height it is obvious that they 
consist of minute ice crystals. Cirri may form above 
another cloud, the two being apparently related, but they 
never form under other clouds. 

Ciimnhw clouds are the day clouds of summer weather. 
They appear like great, rounded domes resting on a hori 
zontal base. A gently warmed current of air rises until, 
being chilled both by expansion and great altitude, con- 
densation begins. The process continues until a dense 
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mass of cloud is formed. This form is tlio almost miiver- 
sal cloud of tropical regions. It is abuudant in warm 
temperate climates, but rare in cold latitudes. It does not 
form at uigiit nor in cold weather, for the simple reason 
that the up-draught of warm air is too feeble, and there is 
not enough vapor present to form clouds of sensible dimen- 
sions. Ordinarily, cumulus clouds have no especial sig- 
nificance as weather forecasters. They indicate nothing 
more than the presence of moisture, and, as a rule, their 
size shows whether there is cousideraljle vapor or onl^^ 
a little. If, however, a mass of cloud loses its Hat base, 
liecomiug ragged or festooned at the lower side, it usually 
portends high winds and local showers. 

Stratus clouds are so called because they are flat layers 
of nearly uniform thickness. Normally they are tlie low- 
est of all clouds, and probably contain the greatest amount 
of foreign matter. These 
clouds are commonly ob- 
served at morning and even- 
ing, and stillness of air is 
essential to their formation. 

The Nimbus is the shape- 
less rain-cloud that hovers 
near the surface of the earth. 

The upper part consists of ^.^katus clouds 

light fog or mist ; the lower, 

of falling drops. Usiially it seems to form in clear air, and 
it gathers when the temperature reaches the dew-point. 

Clouds are moved hither and thither by the wind, but 
the matter composing the cloud is usually in motion even 
when the air is still. A casual inspection of any summer 
cloud shows that it is constantly moving within itself. 
Practically, cloud is floating moisture, but in reality the 
minute drops are always slowly falling. The droplet falls 
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Tiiitil it reaches a regi<'n of j^vuater warintli ; then it is 
cliauged to vapor, aiul the latter at once ascends until it is 
again couJeused — the process being constantly repeated. 

Rain. — The ditt'erence l)etween rain and cloud consists 
very largely in the size of drops, hut tliL^re is also a differ- 
ence in their physical couditioii. The drops of cloud 
matter, or " water dust," are juinuto, and practically they 
Hoat in the air ; those of rain are each many thousand 
times as large, and fall quickly to the ground. The causes 
that operate to produce fog and cloud, however, also pro- 
duce rain — namely, the cooling of water vapor below the 
dew-jioint. 

The vapor precipitated as rain may pass through the 
cloud stage, it is true ; but the latter is one of short dura- 
tion, and, as a rule, when condensation begins, it proceeds 
very rapidly. Eain is rareljf associated with fair-weather 
clouds, and, excepting local showers, is not derived from 
them. In almost every instance general rains are derived 
from warm ocean winds that, blowing iidand, are chilled. 

The rainfall is greatest where evaporation is most rapid, 
and this is in the tropics. The ecjuatorial cloud-ring is 
also a rain-belt, and under it preci)ntation is almost con- 
tinuous. The amomit of rain falling in tln^ torrid zone 
is sufficient to cover it to a deptii jn-obably of more than 
one hundred inches. In the temperate zone it is a little 
more than one-third, and in polar regions aViout one-eighth 
as much. 

Eaiufall is not uniform for all places in the same lati- 
tude.' On slopes that face ocean winds it is greatest, 
while in regions shut off from the sea by high ranges it is 
little or nothing. For example, on the southern slope of 
the Hinuxlayas the precipitation varies from two hundred 
to six hundred inches ; on tlie north sidi^ it is less than 
ten. On the western slope of the Sierra Nevada and Cascade 
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Kanges it is ten times as great as ou the eastern. Explain 
wliy the difference exists. 

As a rule, precipitation is greatest at tlie coast and de- 
creases t(-)\vard the interior.''' On the Atlantic coast of 
the United States it is nowhere less than forty inches ; 
west of the one hundredth meridian it is less than fifteen. 
On the northern shores of South America it is over one 
hundred inches ; a few hundred miles inland it is about 
one-quarter as much. In the uplands of the eastern slope 
of the Andes it again increases ; why ? 

Not only does the amount of rainfall vary in different 
localities, for the reasons noted, but there is also much 
difference in the iiint of its distribution. In some local- 
ities it comes in the form of occasional showers ; in others 
long periods of rain and drought alternate at given inter- 
vals " — that is, the rainfall is periodical and seasonal. 

An examination of the wind chart, p. 2'21, will help to 
explain this fact. The slojies of the continents that face 
ocean winds, as a rule, have periodical rains. Thus, the 
western coast of North America faces the Prevailing West- 
erlies of the Pacific Ocean. In summer these winds are 
blowing into a region that is warmer, and therefore but 
little rain falls. In winter, on the other hand, the temper- 
ature of the land is much lower, and therefore rain may 
\n' of daily occuri'enee. 

On the Mexican coast, where, on account of low latitiide, 
the climate is almost always mild, but little rain falls. 
Along the coast of the XTnited States it varies from ten or 
twelve inches at San Diego to sixty or seventy at Pnget 
Sound ; while at Sitka, Alaska, it is aliout one hundred 
inches. How will the difference in latitude explain this ? 
In what part of the Pacific Coast of South America are 
the conditions similar? On the Atlantic coast of Europe 
the conditions are much the same ; most of the precipita- 
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tioii occurs diiriiit^' the winter uKjiitlis, Ijut on account of 
high latitude a considerable raiu falls iu suunuer. 

In tropical regions, where the winds have an easterly 
origin, the easterly slopes receive the heaviest fall of rain. 
In these regions, however, the rainfall follows the passage 
of the equatorial cloud-belt back and forth. This belt is 
comparatively narrow — scarcely five hundred miles in 
breadth. During the spring mouths of the Northern 
Hemisphere it moves northward with the sun, deluging 
the land over which it passes with almost continuous rain. 
After reaching its northern limit it turns southward, re- 
passing over the same belt. In the American continent 
the cloud-l3elt does not pass far south of the equator ; iu 
Africa it reaches much farther south. 

A moment's study will show that at each tropic, or limit of 
the cloud-belt, there will be one rainy and one dry season, 
while at intervening latitudes there may he two. Which 
of these conditions applies to Cuba '? to the Central Amer- 
ican states '? to the Caribljean coast of South America '? 

Regions swept by monsoons usually have periodical 
rains also. The reason is obvious : during one part of the 
year the winds blow from the land ; the remaining time 
from the sea. The rains of the Indian coast of Asia are 
an excellent example. During the winter months of the 
northern hemisphere the prevailing winds are land winds ; 
but with the bursting of the April monsoon the season of 
heavy rain begins and the parched laud is quickly covei'ed 
with verdure. 

A large part of the land surface of the earth is watered, 
not by seasonal and periodical rains, but by the pre- 
cipitation that comes with the irregular movements of the 
atmosphere known as storms. These regions as a rule are 
either far inland, or else high mountain ranges shut them 
off from the reach of ocean winds. 
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That part of the United States east of the llocky 
Moiiiitaius is au example. The ranges of the great high- 
lands precipitate practically all the moisture brought from 
the Pacific, ami therefore there are no j^eriodical rains. 
Moisture gathers from the (xulf and also from the ocean, 
but for the greater jnart it is not jtrecipitated until the 
cyclonic movement, which constitutes the storm, takes 
l^lace. These disturbances occur so frequently, and there 
are so nuxny of them, that almost every part of the region 
receives a plentiful supply of moisture. Himilar con- 
ditions exist in parts of Eurasia and Africa. 

Effects of Altitude. — As a rule, more rain falls at sea- 
level than at higher altitudes : very little falls above the 
height of ten or twelve tlKJusaud feet. On mountaiji- 
slopes, however, the greatest precipitation takes place be- 
low three thousand and five thousand feet. The reason is 
two-fold. In moderately warm regions rain clouds com- 
monly do not reach much above this altitude ; moreover 
at this height the ground may bo cold enough to condense 
moisture when it is too warm to do so at a lower level. 
This fact is often otiserved in desert regions. 

Rainless Regions. — There are two principal causes 
for the existence of rainless regions. There mav be a 
barrier of high mountains that shut off rain-bearing winds; 
or, vapor may jia-ss into a -warmer region where it cannot 
be condensed. The Basin Piegion of the western high- 
lands, the basin north of the Himalaya Mountains, and the 
xVndine desert, are examples showing the effects of moun- 
tain barriers. The mountains reach higher than the rain 
winds. The two African deserts and much of the Mexican 
coast show the effects of hot inland regions. The ocean 
winds that penetrate these regions are warmed and not 
cooled, and therefore they are relatively drier. 

Snow. — When the condensing vapor freezes before it 
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can gather into drops, snan' results. It is evideut, more- 
over, that snow cannot form unless the temperature is as 
low as 0° (32° r.). If condensation takes place very 
slowly in still air, the frozen droplets aggregate into beau- 
tiful crystalline forms,'- but if condensation is rapid, each 
flake is a tangle of broken crystals. 

Inasmuch as snow depends on a low temperature, it is 
evident that the distribution is governed both by latitude 
and altitude. In polar regions snow covers the ground 
the greater part of the year, and at a little distance from 
the sea it never melts. In equatorial regions the line of 
perpetual snow is about sixteen thousand feet above sea- 
level ; in temperate latitudes it varies from seven thousand 
to twelve thousand feet. 

Hail. — Hail consists of pellets of ice, formed in the air, 
and a shower of them constitutes a hailstorm. Usually a 
hailstorm consists of alternate shells of snow and crystal- 
line ice." In some instances sharp, dog-toothed crystals 
of ice project from the outer siirface. Hailstones vary 
in size from tiny pellets to masses an inch in diameter. 
Larger stones occur, but they are formed by the cohesion 
of small ones. Hailstorms are more frequent in warm 
weather than in cold. For reasons unknown certain local- 
ities are especially subject to them. They vevj frequently 
accompany thunderstorms. 

QUESTIONS AND EXERCISES— Find the annual rainfall of the 
neighborhood in which you live by striking an average of the yearly 
precipitation for at least ten years. {The statistics may be learned from 
the nearest Weather Station.) 

Make a record of the early and late frosts for the year. What fruit 
crops are injured by killing frosts in the neighborhood in which you 
live ? 

Learn, from the nearest Weather Station, the months in which the 
greatest amount of rain or snow falls ; — the least. 

What crops or plants of commercial value would suffer or perish 
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if the rainfall in the State in which you live were decreased one- 
third ? 

Note the character and kinds of cloud visible during several days ; 
at what time were stratus clouds visible ? 

Explain how smoke may gradually gather cloud matter. Why is 
this most apt to take place toward evening ? 

The receiver of a rain gauge is a cylindrical cup four inches in diame- 
ter. For convenience of measurement the water caught is poured into 
a glass tube one inch in diameter : a depth of one inch of rain in the 
receiver will make how many inches in the tube ? 

Explain how a crust forms on the surface of snow. 

At a convenient opportunity, catch flakes of snow on a piece of black 
cloth ; examine them with a magnifying-glass and make drawings of 
their shapes. ( Observe the conditions noted on p. 243.) 

COLLATERAL READING AND REFERENCE 

TyxDALL. — Forms of Water. 

U. S. Weather Bureau.— Monthly Weather Review. Mid- 
summer and midwinter issues of any year. 

CtREELY. — American Weather— pp. 77-81, 134-162. 
Waldo. — Elementary Meteorolof^'y — pp. 142-105. 



NOTES. 

' The expressions "air absorbs water in the form of a vapor " 
and " warm air can hokl more water vapor than cold air '" are so 
popular that ordinarily they pass for scdentitic truths. They are 
certainly convenient, but a moment's reflection shows them to 
he inexact. 

'The phenomenon popularly known as "the sun drawing 
water " is due to the passage ot rays of light through rifts in the 
clouds. The passage of the rays is marked l.)y minute dust-moats, 
which reflect and scatter some of the light. 

^ At times it may be noticed that wet clothing exposed all day 
to the air refuses to dry. The reason is that the air is already 
saturated, and because of this no further evaporation can take 
place. 

"Sometimes dew forms copiously with but a slight fall of tem- 
perature, while perhaps on a following night, none may appear, 
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though the temperature is much lower. An inspection of the 
table on p. 380, will explain how this may occur. If there were 
seven grains of water vapor in each cubic foot of air, a fall of 
temperature from (ib° (P.) to 64° would be attended with dew ; 
but if only three grains were present, the thermometer might 
sink as low as 40° without any sign of dew. 

'A cloth screen within four or five feet of the ground will have 
the same effect. 

*" These cloud banners were noticed in the Aljjs by Professor 
Tyndall, and were first described by him. They may be often 
seen streaming from tlie summit of Tacoma, Washington, and 
the alleged smoke from the 
crater of Mount Hood, Oregon, 
is nothing but a similar phe- 
nomenon. 

' This indication has had a 
recognized place in weather- 
lore for two thousand years. 
It is mentioned in Virgil : 

Tenuia . . lanaj per coelum val- 
lera ferri, 

MA< KEREL bK"l 

and it is found among Teutonic peoples, as well ; hence the 
popular saying — 

Mackerel sky, twelve hours dry. 

'Not infrequently a column of smoke, from a factory chimney 
or a steamer's smoke-stack, becomes the nucleus of a stratus 
cloud. The smoke ascends until buoyancy and gravity balance 
each other, and then settles in the form of a thin, flat layer. 
Each particle becomes a surface of condensation, and the cloud 
matter continues to gather until it is swept away by the wind, 
or the conditions are changed. 

'' The heaviest annual fall is probably at Cherrapunji, India, 
where the average is about .500 inches. In August, 1841, the total 
fall for the month was 264 inches, and in 1861 the yearly tall 
reached the enormous amount of 905 inches — about 2. .5 inches a 
day ! On June 14, 1876, 40.6 inches fell in twenty-four hours. 
In the three days ending February, 1893, an aggregate of 35.8 
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inches fell ;it Brisbane, Australia. In the United States 21.4 
inches fell at Alexandria, Louisiana, in one day, and at Triadel- 
phia, West Virginia., 0.9 inches fell in lifty-five minutes. All 
these instances, however, are very unusual. Commonly, not 
more than two inches fall in a day. 

'" The greater the distance from the coast the more abnormal 
is the character of the rainfall. In the Basin Kegionof the west- 
ern United iStates, the rain is restricted to showers of short du- 
ration, and these often take the form of cloud-htir.st.s. There is a 
sudden darkening of the sky, a terrific downp<:>ur of water — 
perhaps three or four inches in fifteen minutes — and then the sun 
is again licking up the water from the almost hissing I'ook waste. 
The specific cause of cloud-ljursts is not known. 

" In regions visited by periodical rains, not infrequently the 
air is so loailed with dust, at the end of the dry season, that the 
first rain is discolored and even muddy. The yellow and golden 
rain, once a great mj'stery, is commonly due to the pollen of 
l^ine. Examined under a microscope the character of this pollen 
is such as to leave no douljt as to its origin. Showers of frogs, 
fishes, and angleworms (!) have been reported, but not an in- 
stance has lieen suf)stantiated. It is not impossiljle that a water- 
spout might whirl a school of fishes into the air, and then over 
the land, but no tornado known has been so selective as to con- 
fine itself exclusively to frogs and angleworms. The latter sim- 
ply emerge from their hiding-places at the onset of tlie shower. 
Among other abnormal showers are the rains from cloudless skies. 
Instances are common, especially in mountainous localities. The 
precipitation in such eases is very slight and the showers rarely 
cover more than a sc|uarc mile or two. The sky is cloudless 
merely because there are not enough drops in the air at any 
moment noticeably to interrupt the light. 

'- With one or two exce[)tions all the illustrations of snow 
crystals are copies of drawings maile in the arctic regions by 
Captain Scoi'esf)y. A few drawings have been madel>y Professor 
Tyndall, and recently excellent photographs have been obtained ; 
these show that ice-crystals antl snow-flakes are not so regular 
nor so complicated in structure as tho.se ol)served by Scoresby. 
In order to obtain good specimens of crystals, they must be 
gathered on a, perfectly still day when tlu' temperature is several 
degrees below the freezing-point. It is best to catch them on a 



THE MOISTURE OF THE ATMOSPHERE 347 

piece of black cloth, and if they are to be examined under a mi- 
croscope the glass slide on which the flake rests should l)e covered 
with the same material. The crystalline forms observed in sun- 
shine are materially different from those found in cloudy weather. 
"The peculiar structure of hail-pellets has led to the theory 
that the stone has been whirled alternately into warm and cold 
layers of air ; this is only a supposition, and concerning their 
formation nothing certain is known. As a theory, however, it is 
not unreasonable. Ordinarily, hail-storms are of only a few 
minutes' duration, and the amount falling is a small fraction of 
an inch in depth. In 1888, at Moradabad, India, hail fell to a 
depth of several inches, and in one district two hundred and 
thirty-five people were killed. In June, 1879, a storm swept over 
central New York and Massachusetts, during which stones seven 
inches in circumference fell. In July, 1880, a hail-storm destroyed 
the crops in the vicinity of Waupaca, Wisconsin. The shower 
covered an area of forty square miles. Stones from six to ten 
inches in circumference fell. In July, 1881, the fall of hail at 
Cumberland, Maine, was so great that drifts two feet deep were 
observed twelve hours afterward. In .June, 1882, at Dubuque, 
Iowa, stones weighing twenty-eight ounces were found. In 
August, 1883, at Gray, Iowa, the drifting hail covered the fence 
tops. In June, 1886, so much hail fell in Grand Forks County, 
Dakota, that it did not all melt tVjr thirty hours. In a single 
storm that passed over a small area in Dakota, a quarter of a 
million acres of wheat were destroyed. 
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CYCLONIC 



Both on the land and at sea there are regions of con- 
siderable area that normally are not swept by regnlar and 
constant winds.' On the sea these are the calm belts; on 
the land they are regions from which the winds are shnt 
off by monutain-ranges or disturbed by broad stretches 
of land. On the sea the shifting of the calm belts with the 
season brings various parts successively under the influ- 
ence of the regular winds. 
On land the regular winds 
usually exist as upper cur- 
rents, while at the surface 
the winds are local and vari- 
able ; the upper currents, 
moreover, are so high that 
they are too cold to contain 
much moisture. 

Such regions do not re- 
ceive seasonal rains. The 
land areas, in some instances, receive none at all, except from 
an occasional cloud-burst ; but in manv cases a consider- 
able rainfall results from the movements of local winds. 
That part of the United States east of the Rocky Moun- 
tains is an excellent illustration. It receives no moisture 
directly from the constant winds ; yet about every part of 
it east of the 2,000-foot contour is so generously supplied 
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with rain that it is one of the most prodnctive regions 
of the AYorld. 

AVheiaever a local wind occurs, one of two conditions is 
pretty apt to exist. Either there is an up-draught toward 
which the wind is blowing, or else there is a great accumu- 
lation of air from which the air is spreading oiitward. 
These local disturbances 
constitute the condi- 
tions jDopularly known 
as storms. Moreover, in 
either case the move- 
ment of the air sooner 
or later develops into a 
whirl. The wind that 
blows toward an up- 
draught or a depression 
forms a cyclone ; that 
which blows outward 
from a high bank of air, 
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NORMAL CYCLONE TRACKS 



an anticyclone. These 
disturbances originate 
both on the land and at 
sea. They are usually 
indicated by a changing 
barometer ; hence a cy- 
clone is often described as an area of low barometer — or 
simply a "Low" — and the anticyclone, one of high ba- 
rometer. As a rule both the cyclone and the anticyclone 
are local disturbances, and therefore they are carried along 
\)j the great currents of the air, just as an eddj' formed in 
a river is carried along in its flood. 

Cyclonic movements therefore travel eastwardly in low 
latitudes and westwardly in latitudes beyond the tropics, 
because these are the prevailing directions of the winds. 
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Because of this fact, wlieu a cyclone has once formed, the 
track along which it is likel_y to move can be predicted 
with considerable accnracj'. The direction of the whirl 
has been learned by experience : in the Northern Hemi- 
sphere it is opposite that of the clock's hands ; in the 
Southern Hemisphere, the reverse.-' A knowledge of 
these facts enables the mariner to avoid a cyclone, and 
also to steer out of it when overtaken by one. 

Tropical Cyclones. — Tropical cyclones usually origi- 
nate within a few degrees of the equator. They are the 
Jnirrivanrs of the West Indies and the tjiphoons of the 
China Sea. The storm area extends over a surface vary- 
ing from a few hundred to 
more than a thousand miles 
in diameter. The jjreced- 
iug illustration, p. 249, shows 
roughly the track which, or- 
dinarily, one of them fol- 
lows. What is its direction 
in tropical latitudes ? in lati- 
tudes beyond the tropics? 
Note the direction of the 
whirl in each hemisphere. 
It rarely extends beyond the GOth parallel. 

The real beginning of the tropical cyclone is the dead 
calm that for a few days precedes the disturbance, for 
it is only when the air is in a state of rest that the 
necessary conditions can obtain.^ The first essential con- 
dition is the overheating of the air next the sea— pre- 
cisely the same condition that formed the beginning of 
the desert whirl (p. 224). But while the stratum of air 
that causes the desert whirl is imly a few hundred feet 
md involves a very small area, the atmo- 
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in height 



sphere disturbed by the tropical cyclone is, perhaps, 
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several thousand feet high and many thousand miles in 
extent. 

The longer the sun beats down on the glassy surface of 
the water the greater will be the energy of the storm when 
it begins. Moreover, there is one element present in the 
tropical cyclone tliat is not found in the case of the desert 
whirl — namely, the vapor of loafcr — and this is the most 
important distinction between the two. Finally the equili- 
brium becomes so unstable that a slight up-draught of air 
occurs where the resistance is least. The moment this 
occurs, the rising air already near the dew-poi]it is chilled 
by its own expansion, and a part of its moisture is jirecip- 
itated. The fall of rain sets free an enormous amount of 
latent heat, and a furious up-draught at once takes place. 

It is the latent heat of the moisture set free that gives 
to the cyclone its great energy. This indeed is its fuel, 
and so long as the supjily lasts, just so long will the cy- 
clone continue. The ascending air at first is very moist 
and tolerably warm. But after its moisture has been con- 
densed the latent heat set free renders it dry and very 
much warmer, thereby increasing the up-draught. 

The nearer the centre of the cyclone, the stronger is the 
wind. The "eye" of the storm, or the centre of the 
whirl, is the up-draught of the cyclone, and here brief in- 
tervals of sunshine alternate with torrents of rain. In the 
centre of the storm the barometer stands lowest — perhaps 
two inches lower than it is beyond the edge of the storm. 

The path of the cyclone seems at first to be one of un- 
usual shape, but when examined in relation to the prevail- 
ing winds the mystery disappears. It is not unlikely that 
the temperatirre of the upper air has much to do with the 
northerly tendency of the cyclone. Because cold air is rel- 
atively heavier than light air, the colder the upper air 
that surrounds the up-draught, the more vigorous will the 



^.v: PHYSICAL GHOGKAl'llV 

latter he. lu the Nortlieru Hemisphere the colder air lies 
to the iiorthwanl of the storm, aud this will be the direc- 
tion of least resistance. 

KnoAving the direction of the whirl and the path of the 
storm, it is not ditScult to lay the course of the vessel out 
of the way of the cyclone. For this pnrpose " storm- 
cards," or diagrams similar to that on p. 2G3, are conven- 
ient. The distance of the storm-centre can be estimated 
only to a rongh degree, l.mt the l.)earings can be obtained 
with a high degree of probability. Facing the wind the 
storm-centre is on the right hand.' 

Winter Cyclones. — Home of the fiercest storms of the 
higher latitudes, however, do not originate anywhere within 
trcipical regions. These are the extra-tropical or winter 
cvcloues, and the fierce winter storms of the North Atlan- 
tic Ocean are examples. It is evident that these storms 
cannot originate in a dead calm, becanse there is no long- 
continued calm weather where they form ; and it is eqnally 
apparent that they are not formed by the overheating oi 
the air next the surface of the water. 

It is thonght that these storms result from the intrusion 
of cold, north winds into the region of warm and moist 
air, to the southward. In any case the condensation of 
moisture creates an np-draught that quickly develops into 
a whirl. But if, at the tiuie of intrusion, the cold air takes 
the ujiper position, the equilibrium becouies nnich mm'c 
unstable, and the storm very likely develops into one oi 
great fury.'' 

Land Storms. — The occasional local squalls excepted, 
all the storms of the land are cyclonic in natirre, and 
except in violence they (h) not ditter materially from the 
cyclones of the sea.. In nearly every ca,s(i they follow the 
same courses that are takeu liy the latter — westerly in 
tropical and easterly in temperate latitudes. 
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Since the establislimeut (if the various weather bureaus, 
the storm-tracks have been closely studied, and it is found 
that most storms follow certain lines or belts. 

In the United States two storm-tracks are ai^parent." 
The lesser number follow the trend of the Atlantic coast. 
The storms usually overlap the shore and the coast plain, 
but they seldom extend west of the Appalachian highlands. 
These storms 
belong to the 
class of West 
Indian cyclones. 
Tliey originate 
in the Caribbean 
Sea, and tiu-ning 
u o r t h w a r d , 
finally reach the 
latitude of the 
Middle Atlantic 
coast. 

Most of the 
storms that pre- 
vail in the Unit- 
ed States form 
near the great 
highlands of the 
west — very fre- 
quently near the 

eastern base of the Eocky Mountains, crossing the con- 
tinent in a uortheasterly direction. These storm-tracks 
have a distinct tendency to shift north or south with the 
apparent motion of the sun, the belt being a little farther 
north in summer than in winter. The valley of the St. 
Lawrence River and the basin of the Great Lakes is a 
common track. 




A STORM, OR AREA OF LOW BAROMETER 

shaded part is the area of rain : Ihc dotted region the 
of cloudiness. Tile arroivs fly with lite wind. 
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Alfcliongli they are Rdinctimes aeeoiupaiiied l>y Ideal 
squalls, laud storms raioly exhibit the fury of ocean 
cyclones. The area, of the storm is iisually larger, hut 
the wind seldom attains a velocity greater than forty 
miles an hour. The storm-centre is distinct, but the 
barometer may not fall more than half an inch. 

Clouds, and rain or snow, accompany the majority of 
storms, but the area of rain does not always cover the 
whole extent of the storm ; as a rule, most of the cloud 
area, and the rain as well, occur in front of the storm- 
centre. With the passage of the latter there are occasional 
hard showers in which the rain falls almost vertically, or 

perhaps drives slightly tow- 
ard the east. These are the 
" clearing showers." 

Because the wind blows 
toward the storm-centre, it 
is e\'ident that storms of the 
second class will be pre- 
ceded by easterly and will 
clear with westerly winds. 
Those from the West Indies 
will begin with northeasterly and clear with southwesterlv 
winds — the "uor'easters " and " sou'westers." 

In some instances general storms are accompanied by 
disturbances of a very violent character. Of these the 
most important are thunder-showers, cold waves, and 
tornadoes and waterspouts. Thunder-storms and torna- 
does are local in cliaracter, and often occur independently 
of general storms. Watersjuiuts and tornadoes are local, 
the former being confined to the water. Cold waves are 
general. 

Cold Waves. — -Tust as the trough of a wave of the sea is 
followed by the crest of anotlier wave, so in the aerial 
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ocean an area of Ioav l)arometer is follo«-(Hl )_iy one of hish 
barometer, and if the latter he an anticjclonc of cold air the 
result is a cvhl irauc. 

Not infrequently it happens tliat the barometer is con- 
siderably higher on one side of a storm-track than on the 
other. In such a ease, it is evident that most of the air 
flowing in to hll the depression Avill come from that side 
on which the barometer is the higher. If the air is drawn 
in from the south side, it is pretty apt to be a mass of 
warm, moist air, and the farther north the storm track, the 
higher in latitude will the body of warm air intrude.' On 
the contrary, if the bank of cold air lies to the northward, 
the depression will fill chiefly with cold air from this 
direction. 

In summer neither the cool air nor the warm aii-, follow- 
ing the passage of a storm, varies much more than eight or 
ten degrees from the usual temperature. In winter, how- 
ever, if the storm-track lies well to the south a large 
volume of very cold air will be drawn far to the south and 
the temperature may fall forty or fifty degrees in a day's 
time, or even in a few hours.- Ordinarily, the cold wave 
flows in not more forcibly than a brisk wind, but occa- 
sionally it advances with the force of a hurricane, lower- 
ing the temperature to thirty degrees or more lielow zero 
(F.). In such cases the cold wave is calleel a blizzard ' and 
it is marked by a furious downfall of snow. 

Tornadoes. — Tornadoes are whirling storms of the 
land. Though they cover a smaller area tlian any other 
storm, thej' are j^robably the most violent atmospheric 
disturbances known. ^'^ The path of the tm'uado seldom ex- 
ceeds thirty or forty miles in length, while the destructive 
part of the whirl is not more than a few rods in width. 
Like other cyclonic disturbances, the tornado is formed in 
an area of low barometer. Seen at a distance of one or 
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two miles, the tornado appears as a dense, lilack, funnel- 
shaped cloud hanging from rapidlj' whirling clouds above. 
The funnel is the centre of the storm, and so rapid is 
the whirl that it forms almost a vacunm. The rotatory ve- 
locit_y of the wind is thought to be not far from two miles 
a minute. 

Between the terrific wind and the vacuoiis centre noth- 
ing can withstand the force of the tornado. The stout- 
est tree-triinks are twisted as though they were rojies, 

and in many instances 
pulled clear out of the 
ground. Buildings in 
the ^^"ay of the funnel- 
cloud burst into pieces 
outwardly the moment 
the latter envelops them ; 
lieaA'y locomotives are 
lifted from the railway 
track ; and iron bridges 
are blown from theii' 
foundations, twisted into 
shapeless tangles, and 
carried long distances. 
Another noticeable feat- 
ure is the lane or " wind- 
road " made when a tor- 
nado passes through a 
forest. 

A close study of sev- 
eral hundred tornadoes in a measure has shown the 
manner in which they originate. At the beginning of 
a storm it sometimes hajipens that a great volume of cold, 
dry air lies on one side of the disturbance, while a mass 
of warm, moist air lies on the other side. Such a con- 
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(litioii, iiidocil, is not iiif'reqnoutly tlui imraeJiuto canK(^ of 
tlie storm. 

During tli(i progress of the latter large volumes of cold 



air are whirled iuto regions of warm 



d moist air. N( 



if the heavier cold air lies next the earth, no distnrljance 
follows. J5nt if it comes to rest on the top of a thick layer 
of warm air the case is difl'erent. The conditions are those 




A TORNADO AND ITS FUNNHI. Cl.OUD. 



of unstable equilibrium, and the latter will sooner or later 
be upset. There results an up-draught of warm air, and 
soon the whirl is in full vigor. 

In about ninety-five per cent, of all the tornadoes 
studied the whirl accords with that of other storms in the 
Northern Hemisphere. Almost always they move from the 
southwest to the northeast." In nearly every instance 
thus far recorded the tornado track lies south of a general 
storm. 
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All parts of the Fuitoil States are snbjeet to toniaJoes, 
but they are most prevalent in the eeutral part of the Missis- 
sippi Valley. West of the lO'iJ meridian they are extremely 
rare, because there is so little moisture in tiie atmosjihere. 
There is also a belt south of the Ohio Iviver, in which 

they are infrequent. They 
rarely occur in mountainous 
rei;ions. 

Tornadoes are move frequent 
in sunnnev than winter. The 
greatest nnmbi'i- occur in May, 
anil more oc- 
cur in May, 
•T u n e , a n d 
.luly than dur- 
in-- all the 
r e m a i u i n g 
months. They 
are more fre- 
(pient in the 
a f tern o o n 
than in the 
morning, and 
rarely occur 
at night. 
Waterspouts. — A waterspout is a whirlw ind of the sea 
or other large body of water. The whirl is so rajnd that 
the water is carried ii]n\ard to fill the vacuous centre. The 
lower part of the wat(.'rsiiout is probably a nearly solid 
colunni of water ; tin" u]>per part is a rapidly whirling 
mass of spray. Watevs])(nits are most common in the 
region (.)f cj'clouo tracks- c'S]>ecially along the track of the 
Gulf Stream. It is usnally asserted that tlu' water that 
com])oses them is fresh. This is not always the case, 
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liowever ; in inaiiy iustaiices it is salt — sea-water, pure and 
simple. In the lower }>art the column is not more than 
ton or tifteen feet in diameter ; in tlie upper part it is 
whirled into a Ijalloon s]ja])ed cloud of spray and mist 
several hundred feet in width. 

The irhitc tiquidl is similar in origin to the whirl that re- 
sults in a Avaterspout ; in fact, it ma}' properly be called a 
fair-weather whirlwind of the sea. It is sufiicientlj violent 
to whirl a considerable volume of sea-water into s]iray, 
but hardly strong enough to form a waters] lOut. 

Weather Forecasting. — Knowing the hiws of storms 
and normal atmospheric movements, it is not a difficult 
matter to predict Aveather conditions with considerable 
accuracy. In the temperate zones weather conditions 
originate t(j the westward or southwestward of the ob- 
server ; in tropical regions, they progress froru the east- 
'\\ard. 

Except in the extreme southern part, where disturbances 
are occasionally tropical in their movements, the weather of 
the United States is essentially of the westerly ty[)e. That 
is, all disturbances ]irogress from the west or southwest 
to the east or northeast. 

The United States Weather Bureau ■- was organized 
for the purpose of protecting agriculture, navigation, 
and commerce by furnishing information of coming storms, 
dangerous coast-winds, threatening floods, cold waves, and 
killing frosts. Scattered over the whole territory in 
selected locations are upwards of six hundred observers 
who, twice a day, at the same actual time, observe tem- 
perature, barometric pressure, relative humidity, direc- 
tion of wind, amount of raiu or snow, etc. These re- 
sults are telegraphed to Washington and entered upon a 
weather ma}). 

Lines are drawn through localities of ecpial barometric 
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pressixre, und also through localities having the same tem- 
perature. The former are isohars, the latter isofli.erms. 
In this mauuer areas of high, normal, and lo'^v barometer 
are reailily mapped and located. When the direction of 
the wind is plotted it will be found that it is everywhere 
blowing toward the area of low barometer. 

Twelve hours afterward, when a new set of observations 
is plotted, it will he found that the area of low barometer 
has advanced eastward with about the velocity of an or- 
dinary' express train. With this information both the 
direction and the velocity of the storm can be quite ac- 
ciu-ately forecast for the succeeding twenty-foiu- hours. 
Practically all general storms begin with easterly and clear 
with westerly winds. 

About ninety per cent, of the predictions may be verified 
and the numljer actually verified is very close to the possi- 
ble limit. Failure of verificati(m is due to several causes — 
the sirddeu swerving of a storm from its track, the dissipa- 
tion of a storm once formed, and the unforeseen develop- 
ment of a local storm. The shifting of a storm one hun- 
dred miles on either side of its predicted track may nullify 
the forecasts over a very large area. 



QUESTIONS AND EXERCISES— Why does the wind blow toward 
a low and away from a high barometer ? 

Why do cyclonic movements of the wind move toward the west in 
tropical, and toward the east in temperate latitudes ? 

Why does the water flowing out of a sink through a discharge-pipe 
at the bottom form a whirlpool ? 

In the map at the top of p. 260, near what city is the centre of the 
storm ? What is the direction of the wind at New Orleans and Baton 
Rouge ?— at St. Louis and Cairo ?— at Chicago and Davenport ?— at 
Duluth? — at Cheyenne? — in the greater part of North and South 
Dakota ? 

Name one or two places at or near which the barometer is 29.5 inches; 
29.7 inches ; 29.9 inches ; 30 inches. 
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About how far has the storm advanced at the time of observation on 
the second day ? 

Note the direction of the wind at Pittsburgh, Cleveland, Wilming- 
ton, N. C, Cincinnati, Indianapolis, Chicago, Springfield, 111., Mil- 
waukee, New Orleans, Mobile and Little Rock. 

The wind whirls warm, moist air from the south to colder, northerly 
latitudes ; what will be the effect on the moisture ?— on the temperature 
of the region over which the storm passes ? 

In what position, with reference to the storm centre, is most of the 
rain, as indicated by the shading ? 

Whence comes the air in the western part of the whirl — from 
northerly or from southerly regions ? 

Will it probably be colder, or warmer ? Why ? 

Make a forecast for Cincinnati for each of the two days. 

Make forecasts for New York, Denver, and Chicago for the third day 
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NOTES 

' Li the tropics the cldiul-rinfj rarely exceeds five Inindred miles 
in diameter, and the civcle of dauKert)iis winds is scarcely more 
than half as great. In higher latitudes, however, the diameter 
of the storm iiiereast's. The wind is more violent in tropical, 
and less severe in higlier latitudes. 

"The direction of the whirl is thought to result from the con- 
flict of winds as they approach the up-draught. Of all the cur- 
rents setting toward the storm-centre, the northeast Trade Wind 
is the strongest. As it approaches tlu' storm-centre it is opposed 
by weaker winds fi'om the north, northwest, and west. As a re- 
sult, the Tra.tle Wind is heirt toward the east and forced to rotate 
in the manner described. 

' The barometer gives first warning of the approach of the cy- 
clone. During tlie few days pi-eceding, the barometer is perhaps 
abo%'e its normal height and the weather pleasant and clear. 
Sooner or later the barometer begins to show signs of unsteadi- 
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nes^s, and at the same time a long, low, ocean swell becomes per- 
ceptible. Possibly a streamer or two of cat-tail clouds pointing 
toward the zenith is seen in the south or southwest, and a whit- 
ish arc near or on the horizon indicates tlie l^earing of the cen- 
time. In a few hours or less the barometei- begins to fall — slowly 
at first, and then more rapidly. A halo gathers around the sun 
or the moon ; the ocean swell increases, the sky grows purple, 
and fitful puffs of wind come from the north. There can no 
longer be any doufit of the approaching storm, and the prudent 
master has already made everything snug and ready for the com- 
ing blow. Soon a heavy, mountamous bank of cloud looms up 
from the horizon. This is the cloud-ring that marks the edge of 
the storm, and the circle of dangerous winds is not far away. 
Finally the wind, already very squally, bursts into a gale, and 
veers to the northward, and soon the storm is on, in full force. 
If, by any means, the course has not been altered, or if, through 
accident, the ship is carried with the wind, the latter will in- 
crease to hurricane strength, and not even the smallest storm- 
sail will stand against its force. Soon, in almost a twinkling, 
the wind lulls and the ship is in the eye of the storm. Then the 
sky alternates between inky blackness, with terrific down-poui-s 
of rain, and moments of misty, yellow light. Perhaps half an 
hour passes, and the opposite side of the cj'clone strikes the 
vessel. At that moment the wind again bursts upon the 
ship from the opposite direction. Nothing but the stanchest 
vessel can ride through such a storm. A square-rigged ship is 
apt to have her yards stripped off, even if the masts are not 
snapped. 

'' The accompanying storm cards are adapted to use in any 
cyclones of the northern hemisphere ; the upper diagram is 
available for the route between New York and English ports. 
The small arrows fly with the wind ; the long arrow represents 
the storm track through the belt of latitude to which the dia- 
gram applies. For AVest Indian hurricanes note that the storm 
track recurves as follows : June and October, latitude 20° to 23°; 
.July and September, latitude 27° to 29° ; August, latitude 30° to 
33°. When a falling barometer and other signs indicate the ap- 
proach of a cyclone, select the diagram that applies to the lati- 
tude and plot the position of the ship according to the direction 
of the wind. In low latitudes, for instance, the wind is N NE ; 
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the vessel is tlieii in the position that is shown on tlie lower 
diagram, and is in the dangerous semicircle. If posslljle it is 
best to lie-to (on the starboard tack), and observe the wind ; it 
{a) it freshens loitliout shifti}i<j, the vessel is certainly in the 
storm track. In this case the navigator keejjs off, with the wind 
on the starl)oard quarter, holding to the course, (b) If it shifts 
to the right, the ship is to the right of the storm track and should 

be put on the starboard tack, 
^„^c&^ "'i^ J-^'i^ making as much headway as 
* ' :=£F~"$^^sE possibleuntilobliged to lie-to. 

' ili3\\\\' '' ship is on the left of the storm 
track and should be brought 
a.b(jut until the wind is on the 
starboard quarter, lying-to on 
the port tack if necessary. In 
scudding, the wind should be 
kept always on the starboard 
tack to run out of the storm. 
If the vessel is in the latitude 
where the cyclone probal^ly 
recurves (according to the 
month) the middle diagram is 
applicable. SujDpose that the 
wind is S E ; the vessel then 
has the position marked in 
the middle diagram. It is on 
the right of the storm track 
and should run out as in [b), 
previously ncited. In high lat- 
itudes the upper diagram is 
indicated. Suppose tliat the 
wind is N E. The ship then has the position shown to the left 
of the storm track, in the navigable semicircle, and should be 
brought aljout as in (r), previously noted. In any case oil may 
be used to prevent the waves from l)r(\ikiiig over the vessel. 

''It is unstalile because the cold air is resting on a layer of 
air that is s[)ecitically lighti'r, and when the latter is pressed up- 
ward it sfion develops into a whirl. Winter cyclones are not 
confined to definite localities, as are tropical cyclones, and ixx 
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ciiniparisoii with the hitter theii- rrnr-ks :ire erratif. Their gerj- 
eral direetirm is easterly, however. 

In very many eases a lanihstorm may originate at sea and 
finally end somewhere at a consideraljle distance inland. Many 
West Indian hurricanes sweep into the Gulf of Mexico and thence 
into the Mississippi valley. (Jn the other hand, there are many 
— perhaps a majority of north Atlantic storms — that begin far in 
the interior of the continent. In many instances storms have 
originated somewhere in the Pacific, crossed the United States, 
and the Atlantic, finally disappearing in the interior of Eurasia. 
Many of the cyclonic storms of the Pacific Coast of the United 
States travel southward between the Coast Range and Sierra ]S'e- 
vaila Mountains. In some instarn-es the storm is dissipated in 
the ariil i-egion to the southw-ard, Ijut i:icca-ionally a cyclonic 
di>turbance finds enough moisture to enaljle it to pass into the 
Mississippi Valley. 

' Under such conditiiuis a warm wave results. Although with 
respect to temperature, the difference between warm waves and 
normal weather is n(jt so great as that between ciild waves and 
normal weather, yet the former are far more fatal. In all the 
densely ijopulated parts of the country the advent of a warm 
wave is markeil Viy an enormous inci'ease in the death-rate. Dur- 
ing several warm waves that, in July, 1881, covered the Missis- 
sippi Valley, there were more than one thousand deaths from 
sunstroke — probaljly a greater numlier than have resulted from 
tlie cold waves of a score of years. "Wariu spells may result from 
other cases. The typical " warm wave "' is the result of settled 
conditions, and not disturbauees. The air resting upon the given 
area without being disturbed in the course of two weeks Ijecomes 
intolerably hot. 

' A cold wave that occurred in January, 1888, is an example 
of the effects of the translation of cold air from the extreuie 
north. At Helena, Montana, the teiuperature fell fifty degrees 
in four and one-half hours, and sixty-four degrees in less than 
eighteen hours. At Crete, !Xebraska, the theriuometer fell eigh- 
teen degrees in three minutes. This wave covered almost the 
whole United States, carrying freezing weather into Florida, 
California, and southern Texas. In March, 1887, a cold wave, 
extending along the valley of the St, Lawi-ence River, was 
marked by a fall of temperature ranging- from fifty to seventy- 
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one degrees in tweiity-tViur hovir.s. In Denver, January 15, 18(5, 
there was a drop in temperature of foi-t>-eig-lit degrees in one 
hour. 

' This term was first noted in the records of an exploring party 
which, in 1747, wintered on tlie sliores of Hudson Bay, at a place 
now called York Factory. It was introduced as a technical nanje 
into the weather service in 1870. 

'" General A. W. Ureely, U. S. A., notes twenty-five tornadoes, 
in which the aggregate damage reached the sum of $15,000,000, 
while the loss of life was nearly fifteen hundred. Concur- 
rent with a storm that in February !), 1881, crossed the United 
States, there were sixty distinct tornadt)es. On that day eight 

hundred people 
were killed, twen- 
ty-five hundred 
\v e r e wounded , 
and more than ten 
thousand build- 
ings were de- 
stroyed. 

" The story il- 
lustrated in this 
cut is a grewsome 
summary of hor- 
rors. The house 
was surrounded 
by a grove of trees. 
To the east of the house the trees were felled and twisted from 
right to left ; those west of the house were untiuiched. The 
house itself was demolislied and the debris luirled into the creek- 
bed near by. When the tornado cloud swooped down upon the 
house, the family fled for their lives, but unfortunately in the 
wrong direction. At first they ran northward, a direction of 
safety. Then, one after another, they tui-ned eastward — first a 
little girl, who was instantly killed ; then an older boy and a 
girl, who were bruiscnl and partly stripped of their clothing. 
The mother ran directly into the whirl and was found crushed 
and mangled against the trunk of a tree. The father, with the 
babe in his arms, had reached a place of absolute safety, but in 
his fright turned eastward and ran into the whirl. They were 
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pifkffl up by the wind, tlirown several hundred feet, and instant- 
ly killed. An iii8|jecticin of the aeeoiupanj'ing illustration 
shows tliat the safest path of flight is toward the northwest or 
the southeast ; to the southwest or the northeast is one of the 
greatest danger. 

'^ In 18o:j the necessity for a weatlier bureau was urged by 
CoTumander M. F. Maury, Ijut it was not until after his death 
that systematic land observations were carried out. The first 
f)rganization was effected by <.Teneral Myer, U. S. A. , Chief Signal 
Officer, who trained the rank and file of his liepurtnient to make 
weather observations. Since that tinie the Weather Bureau has 
been attached to the Department of Agriculture and placed in 
charge of its Secretary. Most of the European nations have es- 
tablished similar bureaus, and daily observations are made on all 
transatlantic steamships. So complete are these records that 
scarcely a storm occurs in the North Atlantic which is not fol- 
lowed and its path predicted with a high degree of probability. 
Flags (or .sometimes painted cylinders and cones) are displayed on 
public buildings in nearly every town in the United States and 
Europe. For land .service these flags are commonly used. A 
square white flag denotes clear weather ; a blue flag, rain or snow. 
Temperature is indicated l)y a triangular blue flag. Above the 
square flag it denotes higher temperature ; below the square Hag, 
lower temperature ; its absence denotes no change in tempera- 
ture. Whenever the temperature falls twenty degrees or more 
(sixteen degrees in the northern States) if the mercury sinks as low 
as 32° (F.), it is technically a cold wave, and its approach is indi- 
cated by a white flag containing a black square. It is commonly 
called the "black flag." A fifth flag is sometimes employed to 
indicate local storms. For the benefit of mariners a Monthly 
I^ilot Chart for the North Atlantic is published by the United 
States Hydrogi-aphic Office. This shows storm tracks of the pre- 
ceding month, and the position of ice, fog, floating wrecks 
(called "derelicts "), and other obstacles, for the current month. 



CHAPTER XV 

ELECTRICAL AND LUMINOUS PHENOMENA OF THE 
ATMOSPHERE 

Electkicity is a form of energj' that is manifested 
chiefly by its effects ; of its actual iiatove practically uoth- 
ing is known. The laws pertaining to it are fairlj' well 
known, however; and, like most of the other forces of 
natm-e, it is a most useful servant when under intelligent 
control. In the slender thread of the incandescent light 
and the carbons of the arc light it appears both as light and 
intense heat. Passing through insulated copi^er-wire that 
surrounds a core of soft iron, it converts the latter into a 
magnet, and thus harnessed it becomes a generator of great 
power. Electrical energy seems to be a form of motion, 
and it may be produced by motion. It is manifest not 
only in the earth and the air, but in space as well. 

The fimdameutal laws of electrical energy are not diffi- 
cult to understand. If a pith-ball, suspended by a silk 
fibre, be brought near a piece of hard rubber, or vi^lcauite, 
that has been briskly rubbed hj flannel, the ball will at 
first cling to the vulcanite and then immediately be re- 
pelled from it. If another ball, electrified in a similar 
manner, be brought near the first, the two will vigoroiisly 
repel each other.' If, however, the second pith-ball be 
electrified by a piece of glass rubbed with silk, the two 
balls will then show a strontr attraction for each other. 

o 

Such an experiment demonstrates the principal laws of 
electricity. Soilivs simtlarlij dcdrijled repel ; bodies dif- 
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ferciitly clccirijied fittract one rniofltfr. Tho electricity de- 
veloped when glass is ral>l:)ed with silk is called positive : 
that produced by rnb1)ing vulcanite with tlanuel, iicijaJive. 
Electricity passes (prite freely through metallic sub- 
stances, but with difficulty through such material as silk, 
wool, gums and resins, dry wood, and dry air. When, 
however, the electric force is so great that it will pass 
through these it is said to have a liigh poteniird, just as 
steam confined within a boiler is at high pressure.' The 



LIGHTN'ING 
Ft^-^m .TIL in^/.ii/laiu-ou'; pllo/ogrjpli by IV. F. Cciiihoh. 

" sparks " produced by rubbing sealing wax or vulcanite 
with flannel are of moderately high potential. 

To the electricity of the air and tlie earth many of the 
most marvellous phenomena are due. In the simplest 
form we see its effects when tiny sparks result from rub- 
bin"- the long knap of woollen cloth or the fur of an animal 
pelt ; we see its grandest effects when great flashes of light- 
ning forge across the sky. The electricity of the air is usu- 
ally' of high potential ; that which forms a flash of light- 
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uiug is of exceedingly liigli teusiou. Next the earth, 
however, the eleetrieitj of the atmosphere is not commonly 
noticeable, especially if the air is moist. At considerable 
elevations, or at times when the air is very dry, its pres- 
ence becomes marked. The hair of the head crackles as 
a comb is drawn through it, and tinj" sparks are given oli' 
when woollen clothing is rubbed. In the dry summer 
climate of deserts, the hair of horses' tails stands out like 
bushes, and their manes are like fright -sNigs ; sparks half 
an inch long may be drawn from a metallic body insulated 
from the ground. 

Ordinarily the eleetrieitj' of the air is piositive, but, with 
much moisture present, it may be negative. Just before 
the beginning of a gentle shower it often becomes nega- 
tive, and during a heavy storm it frequently changes from 
positive to negative and vice vei-sa very rapidly. In such 
cases the character of the electricity may vary in different 
places ; that is, it may be positive at one locality and neg- 
ative at another, only a few miles distant.^ 

Neither physical nor chemical change in a substance 
takes place without the development of electric energy. 
Friction likewise is a potent factor in its generation. The 
flowing of "water ; the chafing of the winds against the 
earth's surface ; even the friction of the air against itself 
produces it copiously. Evaporation and condensation are 
attended by an electric disturbance ; and inasmuch as an 
enormous amount of the vapor of water is constantly aris- 
ing from the earth at one place to be condensed,^ at an- 
other these changes in physical form, together with fric- 
tion, may be regarded as the chief agents in its production. 

Since these factors are constantly at work, it is evident 
that electricity is being constantly produced. But the 
electricity of the air and that of the earth are unlike ; 
the two, therefore, neutralize each other. Because moist- 
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lire is ;t good conductor, if the air be moist the two kinds 
of electricity readily pass, one from the earth to the air, 
the other from the air to the earth, until the equilibrium 
is restored. This transference is quietly but constantly 
going on, so that ordinarily there is no great accunmlation 
of electricity. It is only when the air is very dry that 
the transference takes place with difficulty. 

Thunder Storms. — When clouds are present in the 
air, however, there is often an enormous accumulation of 
electricity, either within or upon their surface, and the 
transference or exchange, therefore, may become violent 
and destructive. Such disturbances are commonly known 
as thunder storms. 

When large masses of cloud hover over the earth it 
sometimes happens that they are differently electrified. 
Under such circumstances the two clouds are mutuallj^ at- 
tracted. The potential of the electricity is very high and 
the transference takes place in the form of blinding flashes 
of lightning.'' Usually the interchange takes place between 
the two clouds, but not infrequently it is between the 
clouds and the earth. The form of lightning varies. The 
interchange takes place always along the line of least re- 
sistance, and as this is seldom, if ever, a straight line, it 
has taken the name, zig-zag lightning.'^ 

Another form is known as sheet lightning. This inter- 
change takes i^lace, not along a line, in the form of a 
chain, but simultaneously over a large area. The dis- 
charge is not attended by a crash of thunder nor by a 
blinding flash of light. On the contrary there is nothing 
but a quivering, bluish glow that lasts sometimes for eight 
or ten seconds. A sheet-lightning discharge takes place 
usually between the earth and the clouds. The electricity is 
of low |)otential and therefore not destructive. This name 
is also applied to flashes of lightning that, occurring at 



272 PIIYSIOAL GEOGRArHY 

;i eousiJerable distance, are reflected from the under sur- 
faces of clonds.' Still another form is commonly called 
hcdl lightning. Of this kind of discharge but little is 
known, and although its occurrence has been alleged for 
more than two hundred years, its existence is somewhat in 
'loubt. 

Occasionall}' the discharge takes unusual forms. Among 
them, but rare in occurrence, is the phenomenon known as 
St. Elmo's Jii'c. This discharge, though best known at sea, 
is also occasionally observed on laud. At the time of its 
occurrence there is usualty a considerable electrical disturb- 
ance, though not necessarily a thunder-storm. Owing to 
the feebleness of the light emitted, it is rarely if ever 
noticed in the daytime. It consists of a pale, shimmering 
light, at the tips of the yards, spars, and from every 
pointed part of the ship's rigging. The glow lasts for a 
few moments and then the phantom light disappears.*^ In 
all probaliility the St. Elmo's fire is identical Avith the 
bluish glow that is seen when a frictioual electrical 
machine is worked in the dark — a phenomenon commonly 
known from its shape as the " brush " discharge. 

The Aurora Borealis. — This magnificent display, 
commonly called the " northern lights," ■' is without doubt 
an electrical phenomenon that possibly is similar in nature 
to the brush discharge. It is most common in high lati- 
tudes, though it is occasionally observed between latitudes 
30" and 40' N. In appearance the aurora is an arch of 
light stretching across the sky fifteen or twenty degrees 
aliove the horizon. It has a tremulous motion, and the 
upper streamers sometimes mount to the zenith. 

In color the aurora varies between pale green and crim- 
son. Sometimes it closely resembles a green curtain edged 
and lined with gold. Auroras are most frequent during 
sun-spot periods ; they are usually coincident with mag- 
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iietic storms also. In circumpolar regions they are of 
daily occurrence.'" The cause of auroras is not with cer- 
tainty known, but they are thought to be an exchange be- 
tween the electricity of the atmosphere and that of the 
earth. The arch of the aurora nearly alwaj'S surrounds 
the earth's magnetic pole." 

Magnetism. — A bar of steel, iron, or nickel, or a piece 
of lodestone ''^ that has the property of attracting and 
holding to its surface small pieces of similar metals is 
called a luaijneL Steel retains its magnetism permanently, 
and for all practical purposes the magnet is a flat bar (jf 
polished steel, eight or ten inches in length. Sometimes, 
however, it is bent into a U-shaped form called a horse- 
shoe magnet. 

When a bar of steel is magnetized, it is found that the 
magnetic force is not uniformly distributed throughout the 
bar, but is most intense at or near the ends.'' These are 
the poleH of the magnet ; they are designated as positive 
+ , and negative — , according to the direction they take 
when the magnet is suspended at the centre of gravity. 

If a slender bar of ordinary steel be suspended by a hair 
from its centre of gravity, it will lie indifferently in any 
direction in which it is placed. If the bar be magnetized, 
however, it takes new properties. It no longer remains in- 
differently in any position ; on the contrary it turns until 
its direction is nearly or quite north and south. It no 
longer remains balanced, but the north-pointing end dips 
toward the earth. 

If now another bar magnet be brought near it, the latter 
shows no little sensitiveness. If the + end of the bar be 
presented to the -t- end of the suspended magnet, the latter 
will instantly turn away ; if the two — ends be brought to- 
gether the same thing will be noticed. On the contrary if 
+ and — poles be brought together they are strongly at- 
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tracted. From these experiineuts the hxws of magnetism 
are deduced. lyilr iiiagmiic ^jo/es repel : inilil-e poles af- 
trncf. Either pole of the magnet, however, will attract 
alike an iinmaguetized piece of iron or steel. 

It is npon these laws that the whole science of naviga- 
tion by the compass depends, for the earth behaves as a 
magnet" and the essential part of the mariner's compass is 
also a magnet. 

Magnetic Variation. — The earth's magnetic poles are 
not situated at the geographical poles. The magnetic north 
pole is situated west of Boothia Laud, a few miles north 
of the crossing of the 97th meridian and the 70th parallel. 
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Its position is not fixed, and it is moving in a westerly di- 
rection.'^ The position of tlie magnetic south pole is not 
known, although roughly approximated. 

Becaxise the magnetic poles are not situated at the geo- 
graphic poles, it is evident that the magnetic needle cau 
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point clue north and sontli in iDut few places. In the ac- 
companying chart, a heavy black line passes through 
these points. This line, called the agonic, is the line of 
no variation. West of this line the north-pointing end of 
the needle turns toward the east, and east of it it swerves 
to the west. Along each of the lighter lines the needle 
has the same deviation at all ^Joints, and these lines, there- 
fore are called isogoiiics or lines of equal variation. This 
deviation from the true meridian is called dedincdion. 

Trace the couise of the line of no variation. 

Besides that element of magnetic force that causes the 
needle to lie in a nearly north-and-south direction, there 
is another that causes it to dip or incline one end toward 
the earth. This is called the vertical force, or inclination. 
Along an irregular line passing around the earth, some- 
times north of the equator and sometimes south of it, 
the needle has an absolutely horizontal position. North 
of this line the negative, or north-pointing end, dips 
toward the earth. The farther the observer goes north- 
ward, the stronger becomes the vertical force, and when 
the magnetic north-pole is reached the needle has a ver- 
tical position, the — pole being next the earth. 

South of the magnetic equator, or aclinal, the conditions 
are reversed. The + pole dips more and more, until, at 
the magnetic south pole, the needle is again vertical with 
the + pole next the earth. A line on which the dip is 
everywhere the same is called an isoclinal. 

Not only does the position of each isogonic vary from 
time to time, but the rate of variation is not uniform ; even 
at the same place the rate varies from year to year. In 
the northwestern part of the United States the amount of 
variation is at present from 3' to 7' ; in the southwestern 
part it is, at present, nothing ; in the eastern and central 
parts it varies from 5' to 3'. 
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The deviation from the true geograpliie:)! ineriilian also 
varies from day to day. Most of these variations are 
periodicaL Some are daily, si>ine monthly, and some 
vearlv ; thev are probably eaiised by the daily rotation of 
the earth, the passage of the moon, and the annual motion 
of the earth. There are also irregular changes in variation 
which cannot be accounted for. 

Such changes in variation are rarely great ; in temperate 
and in low latitudes they cannot well be detected except 
by close measurements. In the vicinity of tlie magnetic 
pole, however, they are more marked. At Point Barrow 
and at Lady Franklin Bay. during a period of twenty-four 
hours, a change of nearly eleven degrees was recorded.'" 

Magnetic Storms. — Not infrequently the irregular vari- 
ations of the needle are so violent that they have been 
called magnetic " storms," and during the progress of one 
of these disturbances the needle is in a constant trenun\ 
Magnetic storms seem to be closely associated with the 
spots that at times are visible on the surface of the sun. 
The si^ddeu formation or changi' in the jHisition of a sun- 
spot is nearly always attended by great magnetic distuiii- 
ances. The period when they are most freqirent, more- 
over, corresponds to the period when s>in spots are most 
numerous.'' 

The Mariner's Compass. — The compass is a slender 
bar of magnetized steel, so cimstructed as to balance on a 
pivot and turn freely upon it as well. ITsually it is armed 
with a sliding weight, so adjirsted that it exactly counter- 
l.ialances the dip or vertical force, thereby keejiing the 
needle in a horizontal position. 

On land the compass is of but little jn-actical use ext'(>pt 
in rough surveys. On the sea, however, it furnislu>s the 
oidy means by which a vessid may be kept continually on 
her course. For this reason the mariner's compass is 
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coustructed with the greatest care and precision.'- The 
needle, which consists of one or more slender bars of steel, 
is fastened to a circular card subdivided into thirty-two 
parts, on which are printed the cardinal directions. These 
are called points of the compass. The compass-box is 
mounted on gimbals, so that, no matter what may be the 
motion of the vessel, the box always swings into a hori- 
zontal position. 

In going over almost every travelled ocean route, 
the variation of the compass changes day bj' day. On 
the regular routes of the 



transatlantic liners, the 
variation increases from 
about eight degrees at 
New York to more than 
thirty-tive degrees at the 
crossing of the 40th me- 
ridian. It then decreases 
to about twenty degTees 
at Liverpool. 

In arctic regions, where 
the horizontal element of 
force is so weak, and the 
dipping force so strong, 
sailing by compass is a very difficult matter. Not only 
does the variation change rapidly over short courses, but 
the needle becomes exceeding sluggish. On whaling ves- 
sels it is customary to attach a line to the compass-box so 
that the steersman, by occasionally shaking it, may better 
judge the course over which the vessel is sailing. 

Luminous Phenomena. — Transparent as it seems, the 
atmosphere nevertheless does not afford passage to all the 
light that may be transmitted through it. A ray of light 
in passing obliquely is not only refracted, or bent out of 
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tlie ilireetiou in which it stavtei.1, Imt jiDssibly it is (Jrroiii- 
/nised into diti'orently cohnvd rays. Tiio distortion that 
cue may observe by looking;- at au object at-ross the top t>±' 
a very hot stove, or a sniolce-bnrniug cliimuey is an ex- 
ample of refraction. On the otlier hand, the color ett'ects 
observed when light passes through a glass prism, sncli as 
a chandelier pendant, or even the bevelled edge of plate- 
glass, are examples of decomposition — the beautifnl dis- 
play of the colors red, green, and violet, with their com- 
pounds resulting. 

A ray of light striking the surface of a highly polished 
metal or vitreous suVistance is rc/Iccfcd, rebounding in the 
same manner as does a rubber ball thrown against the door. 
The same thing occurs when the ray strikes the surface of 
a body of water, or even that of two laj-ers of air resting 
one upon the other. 

The air always contains innumerable dust-motes and 
particles of matter so fine and light tliat they seem always 
to float. This is seen when a few rays are admitted into a 
darkened room ; the passage of the lays is marked by the 
light reflected by the motes; and it follows, therefore, that 
a part of the light emanating from a luminous source is 
always scattered. The scattering of the light in this 
manner is called diffractum. It is a singular fact, more- 
over, that some kinds of floating matter will scatter the 
blue, while other kinds scatter the red rays. 

The color of the sky is thought to result from dift'rac- 
tion. The red raj's are scattered and the blue rays ordi- 
narily reach the eye. At times, however, when the air is 
heavy with dust, the sky acquires a. hue that is distinctly 
red. This was very noticeable in 1883, after the eruption 
of Krakatoa ; for iiea.rly a yt^ar the sunsets were exceed- 
ingly lurid. Ordinarily, at sea, the blueiiess of the sky is 
very marked, and the color is purer than on land ; with ac- 
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cumulating moisture, however, it may acquire purplish 
tints. At very great elevations, also, the blue gives way 
to a dead hue that approaches blackness. 

Mirages. — When a layer of air rests on another of 
different temperature and density, the surface of contact 
often reflects so much light that it acts as a mirror. If the 
surface is lower than the eye of the observer, the reflection 
much resembles that produced by a body of water, and a 
mirage results. In deserts and arid regions, the illusion is 
so perfect that nothing but experience will enable one to 
distinguish the mirage from a lake. The "lake " mirages 
of the Colorado Desert have lured both cattle herds and 
travellers to their death. 

With the reflecting surface above the eye, the character 
of the mirage differs. Thus, at times, oft' the lake shore 
at Chicago, one may see the lighthouse and the shipping at 
the mouth of the river inverted in the air. If possible, 
ilh^strate this by means of a large mirror held overhead, 
face downward. 

Still another form of mirage occurs when objects, ordi- 
narily hidden by the earth's curvature, are brought in 
sight. It sometimes happens that the rays of light reflect- 
ed from an oljject, are refracted so that they are curved 
slightly toward the earth, and a distant object is thereby 
brought to view. This phenomenon occurs at times along 
the Mediteri-anean and Red Seas, and it is not unknown 
along the Great Lakes. As a rule, a dry, still atmosphere 
is essential to the formation of the mirage. 

Coronas and Halos. — The ring or rings about the sun 
or the moon are very common phenomena. The small 
rings are coronas ; the larger ones, halos. In the case of 
the corona, which is not of very common occurrence, there 
is usually a series of concentric, colored rings. These, it 
is thought, result from diffraction, the light being scattered 



280 



niYSICAL GEOGRArHY 



by the ludistuio of tho ;itiuosplioi-o. The halo aroiiud the 
moou is probably caused by refraction, and it appears 
Avlieu the air is very uioist. For this reason it is apt to 
portend rain or snow. 

The lialos of the sun, which are associated usually with 
cold ■neatiier, jirobably are caused by tlie refraction of the 
light as the latter passes through the ice crystals of cirrus 
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clouds. Frequent!)' there are several circles. Home of 
them are concentric ; some arc tangent one to another ; 
and some intersect one another. At the j)laces of inter- 
section and of tangency more light is radiated, and those 
spots, therefore, are sometimes very bright ; thej' form the 
ftini iloijN, or much sunn. 

Rainbows. — Occasionally, during a sunmier shower, 
when the sun bnvdis tlirough a rift in the chnuls, the light 
])asses through tlu^ falling drt>])s of water in such a way 
tliat it is not only refracted but decomposed. The resulting 
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decomposition is the arch of colored light that constitutes 
the rainbow. The bow is blue and violet on the inner, and 
red on the outer side. Sometimes there is a larger second- 
ary box in which the order of colors is reversed. 

The rainbow is best observed when the sun is near the 
horizon. The observer sees the bow when his back is 
turned toward the sun. The rainbow is frequently ob- 
servable when heavy waves break and send spray high 
into the air, and also in the ascending spray of cascades. 

QUESTIONS AND EXERCISES— Verify the statements concern- 
ing the mutual attraction and repulsion of electrified bodies, observing 
the directions contained in note i. 

Verify the statements concerning the laws of magnetism noted on 
p. 273, using one or more stout knitting-needles and strands untwisted 
from silk thread. For observing inclination the strand of silk had 
better be fastened by means of a slip knot to the needle ; for the other 
experiments the needle may be thrust through a bit of paper to which 
the silk is attached. In magnetizing the needles, rub the ends only. 

From the chart, p. 274, estimate the magnetic variation of the place 
in which you live. 

At any time of their occurrence note carefully whatever you may ob- 
serve with reference to auroras, mock suns, halos, and coronas. 

Observe whether halos of the moon are followed by clear or by rainy 
weather. 

Occasionally, in very dry weather the disc of the sun is considerably 
distorted at the time of setting ; explain why. 

Explain the cause of redness that occasionally marks sunrise and sun- 
set when the air is smoky. 

The sun and the moon seem to be much larger when near the horizon 
than at zenith ; is this phenomenon real or apparent ? The use of a 
paper or other tube an inch or two in diameter will aid in the solution 
of this question. 

Explain the phenomenon of the " sun's drawing water." 

COLLATERAL READING AND REFERENCE. 

Waldo. — Elements of Meteorology — pp. 166-180. 
Grekly. — American Weather. 
Davis— Elements of Meteorology. 
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NOTES. 

' Small pieces of cork will answer for these striking experi- 
ments, but bits of alder pith are better. In order tliat they may 
be successful the air of the room should be very dry. The pith- 
balls may hang from the end of a penholder thrust oblicjuely 
into the cork of a stoijpered bottle. For the electriflers, a glass 
lamp chimney and a vulcanite comb may be used. Each must 
be made absolutely cleaii, as the slight film of grease from the 
hands will interfere with the reaction. 

^ The potential of electricity may be also likened to pressure on 
water flowing through a pipe. If the pressure be low the water 
will flow quietly through the pipe and fall at no great distance 
from the end of the nozzle ; on the contrary, if the pressure he 
great, it will be projected to a considerable distance. In a single 
cell of galvanic battery the potential, about one or two volts, is 
so low that the electricity will not ,iump across a space of one 
thousandth of an inch ; the quantity, moreover, is very small. 
In an electric-light wire a current of considerable volume will 
leap across a space one-tenth of an inch or more ; its potential 
is about 1,000 to 1,.500 times as great as that found in a cell of 
an ordinarj^ galvanic batterj', being from 3, 000 to 5, 000 volts. A 
good frietional electric machine will cause sparks to leap between 
points ten or twelve inches apart ; the potential is very high, but 
the quantity is small. During a thunder-storm a stroke of light- 
ning may jump a distance of a mile. Not only is the quantity 
enormous, but the potential is so great as to be immeasurable by 
ordinary standards. 

= At different localities, the character of the electricity may be 
so very unlike, that the earth currents are sufficient to operate 
telegraph wires without the aid of the batteries. In regions of 
dry climate such conditions are more frequent than in areas of 
considerable rainfall. 

* The vapor of water is not only a good conductor of electricity, 
but it is an excellent stoi-age reservoir as well. The small glob- 
ules of vapor that compose the cloud mass carry each the charge 
of electricity upon the surface. But when a great number of 
these globules are condensed tt) form a, drop of water, the surface 
of the drop is infinitely smaller tli:iu the aggregate surface of the 
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globules. The potential of the drop, in comparison with that of 
the fflobules, is enormously increased. If an electrified body, such 
as a vulcanite rule, is Ijrought near a sprayer or a sprinkler the 
tine spray immediately gives place to large drops. 

'The lightning itself, or rather the electricity, is not necessarily 
visil)le. The Hash of light that accompanies the discharge is 
due to some extent to the foreign matter in the jjath of the dis- 
charge, heated to whiteness. The air being a poor conductor 
offers considerable resistance to the passage of the electricity, 
and is therefore intensely heated along the line of discharge. 
The thunder is produced in exactly the same manner as is the 
noise that accompanies the discharge of a firearm. The air at 
the point of discharge is rarefied almost to the extent of being a 
vacuum ; the rush of the air to fill the suddenly made vacuum 
is accompanied by noise. The rumbling of the thunder is due 
partly to echo and reverberation, and partly to the fact that the 
sound along the line of discharge reaches the ear at different in- 
tervals — the greater the distance the longer the time required for 
the sound to reach the ear. Discharges of high potential only are 
accompanied by thunder. 

" In paintings and illustrations it has always been customary 
to depict the electric discharge in the form of a zigzag line of 
many sharp angles. In the past few years jAotographs of the 
lightning stroke have been successfully made. One of these on 
a preceding page shows the fallacy of former notions on the 
suljject. 

' This reflection is called heHt liglitning. It is rarely ever ob- 
served except at the horizon when the latter is overcast by clouds. 
The reflected flashes of light are usually so far away that the 
accompanying thunder is not heard. 

° While Ccesar was engaged in carrying on his military opera- 
tions in Africa, he relates that, during a severe hail -storm, the 
spears of his fifth legion were tipped with fire. Tlie phenomenon 
was undoubtedly identical with that of St. Elmo's ftre. It is not 
improbable that the " ignis fatuus, " " Jacko' lantern," or "Will 
o' the wisp " is a similar electric phenomenon. This is a hazy 
indistinct light that appears occasionally in swamps. According 
to tradition and fiction, the ignis fatuus is a bright light that 
moves rapidly from place to place mainly for the purpose of allur- 
ing unsuspecting travellers into dangerous places. As a matter 
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of fact, it has no great power of loeomotion. ami praetioally is 
stationary. 

" The aurora is not contined to northern regions ; it oecurs in 
southern eireumpolar regions as well. In the southern hemi- 
sphere, however, it is called the aurora aiistralis, but the south- 
ern aurora is neither so lirilliant nor so t'reipient in oeeurrenee 
as that of the northern regions. 

" It uuist not be thought that the aurora ooeurs at night-time 
only ; it may take plaee at any time — day or night. It is not 
visible in day-time, however, on account of the greater brilliance 
of the sun. 

" Professor Balfour Stewart has advanced the opinion that 
both auroras and earth currents are secondary currents due to 
small but rapid changes in the earth's magnetism. The Viody of 
the earth may be compared to the magnetic core of an induction 
coil, the lower strata being the insulating medium, while the 
upiier strata, which are much better conductors, take the part of 
a secondary coil. 

" Xearly all the elements are more or less sensitive to magnet- 
ism : iriui. colialt. and nickel possess the force most strongly, 
however. Bisunith and copper seem to be repelled and take an 
east-aud-west po,-ition. or a direction at right angles to that of 
au ordinary magnet. Such substances are said to be diamagnet- 
ic. A jiiece of soft iron retains its magnetism only while it is in 
contact with a magnet or near to it ; a pieee of steel, on the con- 
trary, once magnetized retains the property permanently. A stivl 
bar may be magnetized by rubbing its ends with those of another 
magnet, or by winding several hundred turns of insulated wire 
aliout it, through which a current of electricity is passing. 

'•' If the bar be a long one, or if the quality of the steel is not 
uniform, there are usiially .-several supplemental poles scattered 
about the surface. For the same reasons a light slender bar is 
better than a stout one. 

" The shape of the earth is not such that its magnetic force can 
pos.-iess nnich intensity. Several magnetic poles are known to ex- 
ist, b\it onh' the two north poles of great intensity are usually 
charted. The pole of greatest intensity is the one connuonly 
known as the magnetic north pole. Since Its discovery Viy Koss, 
it has moved about forty miles westward. In 18V0 it was ap- 
proximately located by Lieutenant Sehwatka in the open space 
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between Viotoria and Franklin Straits. Its exact position has 
not been determined since 18;!1, and it is donbtful if its location 
at that date was so precise as niifjht be interred from the Hgures, 
which are expressed in minutes of arc. At that time there were 
no instruments sufficiently delicate for such precise determina- 
tion. In 1884 the position of this pole was again approximately 
determined to be in lat. 70'" 30' N. ; long, !I0° 40' W. The po- 
sition of the magnetic south pole has not been with certainty 
discovered. 

'■' Observations made at Paris on the movement of the magnetic 
north pole cover a period of more than three hundred years. In 
1580. the declination at the city was 11° 30' East. It decrea.sed 
until in 1(383 it was nothing, after which time the variation be- 
came we.st. The westerh- variation increased until, in 1814, it 
amounted to alxnit x!2' 30' W. Since that time it has dropped to 
about OC", and, it is thought, is slowly decreasing. In 1790 the 
variation at 2sorfolk. Va., was nothing ; in 1893 it was aliout 3° 
10' W. In New York City the variation in 1080 was 9° AV. ; in 
1790 it had decreased to 4" lo' W. ; after this time, however, it 
gradually increased until, in 1893, it was about 8° 25' W. 

'" In order Vietter to study these variations, magnetic oliserva- 
tories have been established in various parts of the world. The 
essential part of such an oliservatory is a series of magnets each 
carrying a small mirror, mounted in such a manner that a spot 
of light is thrown on a sheet of photographic paper. The sheets 
of paper are fastened each to a cylinder revolved by clockwork, 
so that the spot of light traverses the whole length of the sheet 
in twenty-four hours, thus drawing a line upon it. If the mag- 
net were motionless the line would be straight, lint if the mag- 
net turns even a small fraction of a minute, the spot is thrown 
out of position and the line becomes irregular. Usually three 
magnets are employed — one to measure variations in horizontal 
force ; one for variations in vertical force ; and one to measure 
the strength of the horizontal force. 

'" Tliis period recurs every eleven years. In 1882 the formation 
of a sun spot was attended by a magnetic storm that was recorded 
at Poi nt Barrow, Laily Franklin Hay, Los Angeles, Kew (London), 
Cape Horn, and Paris. Telegraph instruments were affected, and 
in some instances, long circuits were worked by gro(nid currents. 
At the magnetic observatory tlien in Los Angeles, California, 
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the tremor of the magnets was so great that for several hours one 
of the instruments failed to make a legible record. 

'■^ lu the Ritchie compass, now generally used in the United 
States xSa'ST) the compass-box is filled with alcohol in which the 
card and needle almost float. The object being to relieve the 
bearhig of the weight of the card, and thus make the needle more 
sensitive. It is a most excellent compass and is vastly superior 
to the ordinary compass formerly used. The compass of Sir 
William Thomson (Lord Kelvin), consists of a battery of six or 
more very slender magnets held in a skeleton frame. The latter 
is so light that the friction on the bearing is imperceptilile. This 
compass is used in the English Navy, and by most of the trans- 
atlantic liners. As an efficient instrument it has no superior. 
The use of steel in the construction of vessels has added materi- 
ally to the difficulties of sailing by compass. The hull of a steel 
or iron vessel has poles of intensity peculiar to itself, and these 
are apt to change in time, so that frequent tests of tlie compasses 
are necessary. There are various devices for obtaining the 
proper correction for the compass on steel vessels ; a very effec- 
tive method is to swing the vessel, stem and stern, along a 
geographic meridian and then compare the observed with the 
normal variation. On battle-ships either the addition or the 
removal of the armament, or the substitution of a steel for a 
wooden mast, is apt to make readjustment of the compasses 
necessarv. 



CHAPTER XVI 

CLIMATE AND ITS FACTORS 

The conditious of a region with reference to its habita- 
bility constitute its duiiafe, and these, in general, are the 
results of heat and moisture ; climate, therefore, includes 
all the moditicatious of environment due to heat and cold, 
raiu and drought. It is modified by many conditions, of 
which the principal are latitude, altitude, position of high- 
lands, direction and prevalence of winds, and the inclina- 
tion of the earth's axis, together with its constant parallel- 
ism to itself.' 

Latitude. — Latitude att'ects climate chiefly with refer- 
ence to temperature. The greater the distance from the 
equator, the lower will be its average temperature. The 
sun's rays are never vertical beyond the tropics, and in 
piolar regions they fall so obliijuely that they impart but 
ver}' little heat to the surface which they strike. Illustrate 
this hj means of the diagi-am on p. 294. 

In going from the equator to polar regions, therefore, 
one will pass through about every degree of warmth from 
perpetual summer to the coldest winter. "Within thirty 
or thirty-five degrees of the equator the change in tempera- 
ture is not great, but beyond the forty-fifth parallel the 
winter climate grows rapidly cooler for everj- few degrees 
of increase. 

Latitude also exerts a considerable infiiience on rainfall. 
As a rule the rainfall is greatest within the torrid zone. 

387 
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In the rogioii of tropical calms, ou the coiitraiy, tlio rainfall 
is iisnally deficient. These calms are regions of descend- 
ing currents of the air, and the air being warmed by its 
descent, instead of chilled, bnt little rain falls. 

Altitude. — The etlect of altitude is much the same as 
that of latitude. On an average the temperature is lower 
by about one degree for every three hundred feet of ascent. 
Thus, even in eqiiatorial regions, one may find ou the 
slopes of suow-clad highlands all the intermediate degrees 
of temperature between perpetual summer and eternal 
winter. In Mexico the etiects of altitude are finely illus- 
trated. The city and seaport, Yera Cruz, is intolerably 
hot and moist, yet less than two hundred miles away, the 
City of Mexico enjoys a climate that is dry, cool, and in- 
vigorating. The difi'erence is due almost wholly to its alti- 
tude — about 7,000 feet above the seadevel. 

A still more striking example is found among the pla- 
teaus of the Colorado Kiver. Hurricane Ledge is an 
almost vertical escarpment. '2,500 feet high, that forms 
the boundary between two plateaus. Ou the upper mesa 
the piroducts are those of a temperate climate ; in the 
lower they are distinctly sub-tropical. It is scarcely more 
than a stone's throw from the former to the latter. 

Position of Mountains. — The existence of high moun- 
tain-ranges often determines the quantity of rain precip- 
itated upon the surface of a given region. In tropical lati- 
tudes rain-bearing winds blow from the east, and the eastern 
slop^es of high ranges are therefore well watered, while 
the western slope is dry. In the temperate zones, on the 
other hand, the rain winds are from the west ; and the 
western slopes in consequence receive most of the rain, 
while the eastern side is comparatively dry. Thus, in the 
Peruvian Andes, the rain winds deluge the eastern slope, 
leaving the western side jnactically a desert. In the 
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southern Andes, the conditions are reversed ; the rain 
falls on the western side while the eastern slope is arid. 

The effect of the absence of mountains is observable in 
Australia. Partly becaiise of its latitude, but mainly for 
want of a high range, the greater part of the continent is 
a desert, and about the only rain that falls is precipitated 
on the highlands of the eastern side. In the great African 
desert, the few isolated ranges receive considerable rain 
on their summits, but none falls elsewhere. 

Distance from the Sea. — The proximity of the sea 
exerts a marked etiect on climate, both with respect to tem- 
perature and moisture. The climate of a coast region is 
always more equable than that of a far inland or continerdal 
area. The reason therefor is apjDarent ; the air over the 
ocean has a much more uniform temperature than that 
over the laud. The result is seen when the extremes of 
temperature are noted. For example, San Francisco and 
Leavenworth, Kan., have nearly the same mean temper- 
ature for the 3'ear. But Avhile the difference between the 
summer and winter temperature of San Francisco is less 
than ten degrees (F.), that of Leavenworth is almost fifty 
degrees.' 

Not all coast regions, however, enjoy a maritime climate. 
Because the wiuds of the temperate zones are, as a rule, 
westerly, in the eastern coast of such regions land winds 
are prevalent. The coast region of the northeastern part 
of the United States is an example. Its climate is dis- 
tinctively continental, and the inflirence of the sea pene- 
trates only a very few miles inland. 

The climate of islands at a distance from any large body 
of land is always equable. The Philippines and the Ha- 
waiian Islands are examples ; although in the torrid zone, 
they are regions of perpetual spring, with no excesses of 
temperature. The Leeward and Windward islands of the 
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West ludian group are also examples. Though situated 
only a few degrees uortli of the equator their summer tem- 
perature is less oppressive thau that of New York City. 

Prevailing Winds. — Wiuds are the chief medium for 
the transmission both of moisture and warmth. Cold 
winds from polar regions modify the excessive heat of low 
latitudes, and trojjical winds blowing into high latitudes 
soften the rigors of polar climate. The mild temperature 
of western Europe is due largely to southwesterly winds, 
and the same is true of the equable climate of western 
North America. Not only do the winds themselves trans- 
fer a great amount of heat by convection, but the vapor of 
water furnishes an enormous supply. For every pound of 
water vaporized, enough heat is made latent to raise nearly 
half a ton of water one degree (F.) in temperature. When 
the vapor, mingled with the wind, is carried to higher lati- 
tudes and there precijjitated, all this heat is again set free. 
An inspection of the chart of winds (p. 221) readilj" gives 
all the information necessary to determine roughly the 
climate of a country. The regions invaded by sea winds 
that have come from low latitudes are the regions of warm 
and equable climate. Inland and polar regions are areas 
of climatic extremes. 

Changes in Climate. — As a rule, the climate of a 
country is constant ; that is, it does not change materially 
except after long intervals of time. The mean tempera- 
ture of any given locality rarely varies more than a verj' 
few degrees from one year to another, and the averages of 
long periods show still less variation. Fluctuations in rain- 
fall and cloudiness are considerably greater than those of 
temperature. In regions of generous rainfall the precipi- 
tation of verj' wet years may be nearly twice that of very 
dry years, but in localities of deficient rainfall the differ- 
ence maj' be greater. 
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When time is reckoued by geological epochs, however, 
it seems certain that great climatic changes have occurred 
in every part of the earth, and that they have been of the 
most radical character. The Glacial Epoch, already de- 
scribed, is an example of a change in the climate that has 
taken place in the North Temperate Z(jue. It is certain 
that the rainfall of the Basin Region of the United States 
is subject to periods of oscillation. The few scattereil 
sinks and salt lakes of the Cxreat Basin itself are remnants 
of two large lakes that existed there at no very remote 
period, and these iu turn are evidence of a much greater 
rainfall than the region receives at the jireseut time. 

Definite knowledge of such changes, in the main, is cir- 
cumstantial, and statistics regarding them are almost 
wholly wanting. The cause or causes of such changes, 
moreover, are unknown. A change in the inclination of 
the earth's axis would be competent to account for changes 
in temperature, and therefore in rainfall.'' Changes in in- 
clination have certainly occurred, but their definite effects 
are not known. Changes iu the level of a region are also 
capal)le of producing variations in tem])erature, and it is 
highly pi'obable that elevation and depression have re- 
sulted in many of the climatic changes of which there is 
an unwritten record.^ 

Zones of Climate. — Zones or belts whose limits are 
bounded by lines of equal average temperature are called 
isot/ierinal or climatic znni-s, and the lines bounding them 
imtlierriial lines or isoihcnnn. A comparison of the map) of 
the astronomical and the climatic zones shows that the 
correspondence of the two is only general. The former 
are fixed and their boundary lines are parallels of latitude. 
The latter change their positions with the apparent motion 
of the sun, behaving in this resjiect like the zones of winds 
and calms. In fact they are all governed by the same law 
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aud arise fi'om the same cause — the iuelinatiou aud self- 
parallelism of the earth's axis. 

lu the southern hemisphere the isotherms range ap- 
proximately with the parallels. What may be inferred 
from this concerning the uniformity of temperature with 
respect to latitude '? In the northern hemisphere the iso- 
therms are yery irregular. In which direction do they 
bend in crossing the great highlands of the earth '? Explain 
the cause of this. In the North Atlantic warm ocean cur- 
rents and their drifts cause a deyiation of the isotherms ; 
explain how and why. 

By what isotherms is the climatic torrid zone limited 
north and south'? '' Compare the position in January and 
July. In the spring and the fall its position corresponds 
roughly with that of the astronomical zone. The hottest 
areas are situated not on the ecpiator, howeyer, but north 
of it. In the Afiicau desert, Arabia, and the arid lands of 
the United States, the summer temperature is aboye 38° 
(100° F.) aud during imusual hot spells it sometimes 
reaches 4:9° (]20' F. l 

The isothermal temperate zones are limited by the lines 
of -IV (70° F.) and 0" i 32° F.). The summer limit of the 
northern zone extends high into the arctic regions. The 
winter limit on land approximates the fortieth parallel, but 
on the ocean it is much higher. In the Pacific it reaches 
to the sixtieth parallel : in the Atlantic, owing to the drift 
of the Gulf Stream it penetrates the polar latitudes. 

Extremes of Climate. — The isotherm of highest 
temperatu]-e that completely girdles the earth is theoreti- 
cally the thermal ecjnator. Its temperature is probably 
between '27' aud 30" (80' to 8lV F. i. There are seyeral 
isolated regions haying a considerably higher temperature, 
howeyer. An extensiye region in the Sahara has a mean 
temperatiu'e of about 2iV (,S.5"" F.l, and in Hindustan and 
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Africa there are others eqnallv warm. In the .Viiierioau 
contiueut an oval-shaiied roLrioii extending sonthw anl from 
the Giilf of Califoruia has about the same meau. 

The regions of extreme oolJ are not in tlie vicinity of 
the geographical pole, bnt considerably sonth of it. In the 
American continent the area of extreme cold is near the 
Arctic Archipelago. In Eurasia it is a little to the east- 
ward of the Lena Eiver. In both regions the mean tem- 
perature is not higher than — 17" i^O"" F.). At ^^ erchojansk,'' 
Siberia, the temperatinv ranges from — G7'' i^— 90' ¥.) to 

o-y [90' F.) a range 
of one hunch-ed and 
eighty degrees — and 
probably the great- 
est on the earth. 

Changes of Sea- 
son. — Because the 
earth's axis is in- 
clined to the plane 
of its orbit, and re- 
mains parallel to it- 
self while the earth 
revolves around the 
sun, it folloAvs that the rays of the sun do not fall on a 
given jilace always at the same angle. 

Exercise.— From the diagram above find tlie time at 
which the sun's rays are vertical at the tropic of Cancer. 
What is the season at this time in the northern hemisphere? 
Are the sun's rays direct or slanting iu the southern hemi- 
sphere'? What is the season there'? AVhat are the seasons 
when the sun's rays are vertical at the equator '? On a 
piece of thin paper trace, with a }iencil, the isothermal hot 
zone on the map for January, p. 'l^'l ; cut it out along tlie 
lines, and place it in its jn'ojier position (i.e., for January 
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on the map for July). The jiarts that ovijilap show the 
region where summer is continuous all the j-ear. Compare 
this result ■with the diagram on this page. What parts are 
not coYered by the 
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heat -belt? When 
the heat-belt is far 
north what is the 
season in the North- 
ern Hemisphere ? 
in the Southern ? 
From the oscilla- 
tion of the heat- 
belt show how five 
zones of tempera/ 
tiu'e result. 

The inclination 
of the axis, together with its parallelism, as the earth re- 
volves around the sim, bring the temperate zones, in turn, 
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ANNUAL MOVEMENT OF THE HEAT-BELT 

to a position where the sun's rays are nearly vertical. It 
is this movement that causes the shifting of the zones 
of climate alternately north and south. 
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The alternatiou of the four seasons is realized mainly in 
the temperate zones. In the greater part of the western 
coast of North Ameriea the seasons are distinguished more 
by the distribution of rain than by variations in tempera- 
ture. Practically there ar<^ two seasons — a rainy and a 
dry. Within the greater part of the torrid zone these are 
also about the only distinctions of season. In the frigid 
zones the distinctions of summer and winter are also those 
of day and night, each of which is six months in duration. 

Deserts. — There are many extensive areas that have 
little or no rainfall. If the rainfall is so deficient that 
irrigation is necessary to produce crops the region is said 
to be ai'iJ : if it is too dry for food crops, it is generally 
considered a desert rer/irm. In many instances there is no 
sharply drawn line between fei'tile and arid lands, or be- 
tween arid lands and deserts. For instance, all that part 
of the Mississippi basin east of the 97th meridian, or more 
strictly, the '2,000-foot contour — produces an abundance of 
food stuff'. West of this contour, however, the climate be- 
comes much drier, and lieyond the ItlOth meridian or 
2,500-foot contour, crops nnist depend mainly on irriga- 
tion. 

Farther "^^•est, turf grass is replaced by scanty bunch 
grass, and beyond the crest of the eastern ranges of the 
Rocky Mountains the charactm- oi the country in places 
approaches that of a typical desert. In tlie northern part 
of the Basin Eegion, the cooler climate and the high 
ridges wring a small amount of water from the clouds, l)ut 
in the south almost all vegetation disappi-ars and the region 
is absolutely a d(>sert. The same gradation is observed 
in the great African desert. Both north and south of the 
ecjuatorial rain-belt, precipitation decreases little by little ; 
fertile lands grade imperceptibly into arid belts, and the 
latter into deserts. 
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lu the South American deserts the line, on the contrary, 
is pretty sharplj' clra^vn, and the same is trne of the Nortli 
American desert and the Sahara, if the)- are approached 
from tlie western side. In each case a liigh mountain- 
range forms a barrier to the rain winds, shaiplj' dividing 
a fertile area from a desert. 

Only a small part of the extensive desert areas is desti- 
tnte of vegetation, and in such parts the finely pulverized 
rock waste, or "sand"' shifts hither and thither with the 
winds. It is in such regions that the tierce simoon and sim- 
ilar sand-storms prevail. The Colorado Desert, in south- 
eastern California, is an excellent examjjle of the kind. 

The climate of desert regions is marked by peculiarities 
and extremes. The winds are hot sand-blasts and whirls ; 
the scanty rains coiae usually in the form of cloud-bursts ; 
the temperature is one of frightful extremes ; the relative 
humidity of the atmosphere rarely exceeds tliirtj- percent, 
of saturation. Notwithstanding all this, desert climate is 
wonderfully healthful. 

Any fertile spot in a desert is called an oasis, and the 
Jatter is fertile because it is more or less abundantly sup- 
plied with water. On account of the presence of water, 
the oasis commonly yields a goodly supply of food-stuffs. 
Various causes contribute to the formation of oases. The 
underlying strata may be impervious to water, thereby 
preventing the latter from sinking deep into the soil, 
or there may be a mountain-crest that is sufficiently high 
to condense and precipitate more or less moisture. The 
water flowing down the slopes percolates through the fine 
rock waste at the bottom, much of it being held there in 
suspension. The oases of the North American deserts are 
of this character. 

The distribution of deserts constitutes an interesting 
study. There are practically two zones, situated mainly 
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between the 20tli and 50tli parallels, north and south, that 
contain nearly all the desert and arid lands of the earth. In 
Eurasia and Africa a belt of desert stretches from the "vrest- 
ern coast almost through the continent." In North America 
this belt is nearly 1,000 miles east arid west. The deserts 
of the Southern Hemisphere are smaller in area only be- 
caiise of the smaller land area. In South America it lies 
at the eastern base of the Andes ; in Africa, south of the 
Kongo water-shed; in Australia, it extends almost across 
the continent. 

Various causes contribiite to make arid and desert con- 
ditions ; but in any case a desert is a desert, not because 
of any natural sterility of the soil, Ijut because of the lack 
of moisture.^ In some localities a high mountain -range 
that faces the sea-winds condenses all the moisture they con- 
tain and the opposite slope with its outlying area is there- 
fore a desert. Exjjlain why the Peruvian desert of South 
America is west of the Andes, and the desert of Argentina 
lies to the east of these ranges. Why is the region east 
of the Cascade and Sierra Nevada Pvanges either arid or 
desert ? What effects have the Himalaya Mountains on 
the rainfall of the region to the northward ? 

In other instances the desert conditions arise from other 
and more complex causes. Thus, between the 20th and 
30th parallels there is a downward movement of atmos- 
pheric currents ; explain why these may produce deficiency 
or absence of rainfall (p. 288). In some localities the 
winds blowing inland from the sea may enter localities 
having a temperature higher than that of the winds them- 
selves, and in such instances their moisture is not con- 
densed. The Australian and African deserts result mainly 
from one or the other, or liotli, of these causes. Thej^ are 
unfortunately situated with reference to latitude, and they 
also are lacking in high mountain-ranges. 
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QUESTIONS AND EXERCISES.— Referring to any good map, de- 
termine the climate of South America from the following suggestions, 
giving a reason for each statement : What are the conditions of tem- 
perature of the northern part ? How do those of the southern part 
differ ? In which part is temperature the basis of the seasons ? In 
which is rainfall ? From which direction do the rains of the northern 
part come ? of the southern part ? What is the effect of the Andes 
Mountains on the distribution of the rainfall ? Give the location of 
the desert and arid regions. Note the effects of altitude on the climate 
of the highlands ; of the lowlands. What evidence does the map give 
to show whether the rainfall of the Amazon basin is profuse or deficient ? 
Explain why the basin of the Orinoco has two rainy and two dry 
seasons. 

Compare the Asian and American deserts as to origin. How do the 
African deserts compare in this respect ? 

Prepare a summary of the climatic conditions of the state or county 
in which you live, noting especially any facts not ordinarily included 
in the general outlines of the subject. From the United States Weather 
Bureau obtain the following : highest temperature observed, lowest 
temperature observed, mean for each month, mean annual rainfall, 
mean for each month, number of rainy days for any year, general 
direction of the winds, other relevant facts. 
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NOTES 

' To these may be added the effect of ocean currents. It is 
sometimes stated that the warmth of western Europe — the Brit- 
ish Isles, especially — is due to the Gulf Stream, and that of the 
western United States to the influence of the Japan Current. 
So far as their temperature in general is concerned, such a state- 
ment is untenable. Ocean currents accomplish very potent re- 
sults, however, l^ut not because of their effects on climate. 
Thus, the warm drift of the Gulf Stream is carried Ijy the Pre- 
vailing Westerlies into aliont every bay and cove of western 
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Ruroin' ; ami as a rcMilr tlio liarlioi-s — ovou as far north as 
Haiumerfest — are treo troui ice all the year. 

^ A noticeable aiul higlilx huportaiit dilTereuce lieTweeii a luari- 
tiiiie and a continental climate, is the iln/'/i/ /■iiiii/> of reiii|)era- 
ture. In a niaritiiue cliniate this rareh exceeds t\veiit\ dcLcrees 
(F. ), while in a few inland rei;ions the lluct nations may he twice 
as n'reat. 

■'That is, if the axis of the earth were to incline forty ilejj-ret^s, 
then the polar and the tropical circles wonid have a correspond- 
ing distance from the poles and from the equator, and the tem- 
perate zones each would he ten degrees in width, instead of 
forty-three. t>r. if the longitude of [lerihelion were to change 
materially, the winters of the northern heiuis[)here might be 
longer by several days than the suunuers, thus causing the ii'e 
and snow to collect faster than it would melt, rhereliy in time 
causing far-reaching changes. 

^ The elevation of a region is thought to result in .1 lowering of 
its mean temperature, and the de[iression of its surface, it is be- 
lieved, has an opposite effect. The surface of New York and the 
Xew England States was ahont 1,000 feet higher during the 
Glacial Epoch than at present. 

■' The mean (n;)/»(r/ temperature of a region reveals but little 
concerning its actiial conditions of temperature. These can 
be studieil only from monthly isotherms — that is. by comparing 
the monthly range of temi>erature and climate. For this reason, 
instead of a chart of annual isotherms, it has Ihhmi deemed wiser 
to prepare two charts, one showing the isotherms for .l.inuary, 
the other for .Tuly. 

" Werchojansk or Verkoy.insk is about four Innidred miles north 
of Yakutsk, Siberia. The two are in probably the coldest inhab- 
ited region in the world. The highest temperature taken under 
standard I'onditions — that is, shaded by a doubU- roof with an 
air-space between, and exiiosed at a distance from any radiating 
surface -seems to have been recorded at Warglar, .VIgeiaa, where 
the mercury mai'ked I'.'T'' F. In the Colorado Oesert an unofli- 
eial temperature" of l;lti'' has been noted. In this case, however, 
it is doubtful if a properly ex[)osed thermometer would have 
registered so unich by ten or lifteen degrees. No temperature 
in this region recorded liy the We.'itlu'r Hurcau h,-is e\ee(>ded I'JO", 
though there arc .several localities, such ;is Salton Lake and 
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Death Valley, where the temperature ranges higher than at any 
of the Weather Bureau stations. The author has repeatedly 
noted temperatures in the (Jolorado Desert varying from 130° to 
145° registered \)y a thermometer exposed to the direct rays of the 
sun. The experience of General Greely, U.S.A., Chief Signal 
Officer, shows the range of human endurance. At Fort Conger, 
Lady Franklin Bay, he and his party experienced no intolerable 
discomforts with the temperature as low as — (ifi°, the same ofBeer 
served in Arizona where the shade temperature was 110° and that 
of an unprotected thermometer 144°. 

' The shifting soil of deserts is popularly regarded as sand. As 
a matter of fact it consists of about every kind of rock waste 
broken and pulverized by the impact it receives as it is blown 
about by the wind. Doubtless it contains more or less quartz, 
but in general, true quartz sand is rare. In the Colorado and 
Mojave Deserts the detritus passing for sand is liroken felspathic 
rock ; in certain localities of the Arabian Desert it is a red, loamy 
soil. 

' "The districts of the Sahara destitute of oases present a formid- 
able aspect. The path which the feet of the camels have marketl 
out in the immense solitude points in a straight line toward the 
spot which the caravan wishes to i-each. Sometimes these faint 
footmarks are covered with wind-blown rock waste, and the 
travellers are obliged to consult the compass, the horizon, a dis- 
tant sand-hill, a bush, a heap of camels' bones, or some other 
indications which the practised eye of the Tuareg alone can un- 
derstand as the means by which the road is recognized. Vege- 
tation is rare, and the only plants to be seen are the scrub, con- 
sisting mainly of thorny Mimosas ; in some sandy deserts there is 
a complete absence of all kinds of vegetation. The only animals 
to be found are scorpions, lizards, vipers, and ants. During the 
first few days of the journey a few indefatigable individuals of the 
fly tribe accompany the caravan, but they are soon killed by the 
heat; even the flea itself will not venture into these dreadful 
regions. The intense radiation of the enormous white or red 
surface of the desert dazzles the eyes ; in this 1)linding light 
every object appears to be clothed with a souiljre and preter- 
natural tint. Occasionally the traveller, when sitting upon his 
camel, is seized with a kind of brain fever, which causes him to 
see the most fantastical objects in his delirium. Even those 
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who retain the entire possession of their faculties and clearness 
of vision are beset by distant mirages ; palm-trees, groups of 
tents, shady moiuitaius and sparkling cascades seem to dance 
before their eyes in misty vapor. When the wind blows hard. 
the traveller's body is beaten by grains of sand which penetrate 
evt'U through his clothes and prick like needles, t^tagnant pools 
or wells, dug with great labor in some hollow or other, from the 
sides of which oo/es out a brackish moi>turi'. point out e;ich 
day the end of the stage. Bat olten this unwholesome swauiii. 
where they hoped to reci-uit their eneruii>^. i- not to be fotuul. 
and the peojile of the caravan uutst content themselves with the 
tainted water with Nxhich they tilled thair flasks at the preceding 
stage. It is said that in times c^f great need travellers have been 
compelled to kill their dromedaries in order to quench their 
thirst in the nauseous liquid contained in the stomachs of these 
animals." — £//'su: ]\trlii\. 

' In popular literature the climate of deserts is supi>osed to 
have baneful properties, and the expression " poisomnis emana- 
tions " has a prominent place in many newspaper accounts. As 
a matter of fact, desert air is unsurpassed so far as .salubritv is 
concerned. It is so free from the germs that produce or hasten dis- 
ease, that meat will not jiutrefy and food will nor ferment. Sep- 
ticemia, or " blood-iioisoniuu", " rareh if ever follows accidental 
w-ounds or surgical operations, and tuberculosis originating in 
such localities is unknown. 



CHAPTEK XVII 

THE DISPERSAL OF LIFE 

There are two lessons in nature tliat probably every 
liuniau lieiug of niatnre years lias learned, namely — that 
the earth is full of organisms endowed with that mys- 
terious force called life, and that the life-forms are 
grouped in kinds or species. ]Moreover, while the indi- 
viduals of a species closely resemble one another, those 
of ditt'erent species are commonly very imlike. 

Almost every living body or organism passes through 
several stages or conditions.' It first ajDpears in the form 
of a (jcrm enclosed in an envelope called an e;/;/, or per- 
haps, a seed. Under the action of heat, or moistirre, or 
both heat and moisture, the egg or seed passes through 
various stages of development in which it gradually ap- 
proaches its matiu-e form — the condition that immediately 
precedes death. In general, the egg develops into a life- 
form, known as an animal, the seed into a plant. The egg 
may contain both food and moisture as well within its en- 
velope ; but the seed contains food onl}'. The egg very 
easily loses its vitality or life principle ; the seed may re- 
tain its vitality for months, or even years. The offspring 
of the egg almost always possesses the power of moving 
from place to place in one or another of its forms of life ; 
the offspring of the seed, on the contrary, cannot move ; 
it spends its life in the spot in which it developed into life. 

The seed-form of the organism is remarkably adapted 
for transportation and dispersal. Commonly the seeds 
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are strong fuougli [o ro>ist uot a littlo nu'clianii.'al t'oroo. 
Tlioso of some s}ieeies will oiulure a temperature Init little 
lower than that of hoiling water ; thev will likewise endure 
the severe>t eoKl. anil almost ah\ av^ they are enelosej in a 
water-tight ease. The egg. on the tnher haiul. will not 
endure extremes of temperature, nor will it survive the 
slightest injury. As a rule, both seeds aud eggs tloat on 
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water, and many kinds are so light that they are earried 
for miles in the air. 

The stage of giow th aiul deveKipment is a eonditiiui of 
the greatest dangei- to the existenee of the organism. 
Puring this jn^riod it ipiiekl} and e:isil\ sueeunibs to tlu^ 
most tritling ehanges in its snrrounilings. At this timi\ 
too, it is apt to be tlie prey of higlu'r inganisms th.it kill 
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aiul devour it. [luIeeJ, so greut is the mortality during 
tlio period oi development that, in many S[iecies, not more 
than one or t«o individuals in many thousand reach the 
state of maturity. - 

The mature stage of the organism follows that of de- 
velopment. In this condition it has but one objective 
toward which all its energies tend, namely — the reproduc- 
tion of its kind. This accomplished, sooner or later it dies ; 
that is, the vital principle leaves it, and it is quickly resolved 
into the mineral elements — the " diist " — which gave it ex- 
ternal form and structiire. Not a few species have special 
means for the protection of their bodies, and nearly all 
possess spiecial organs for the pmpose of nutrition, and 
the higher species have organs of locomotion. 

Laws of Structure. — Many laws are coucerned in the 
growth, development, and reproduction of organic forms, 
but there are three that govern, directlj' or indirectly, every 
form of life. These are hereditij, nutrition, and variation. 

The law by virtue of which the germs of organisms de- 
velop and mature, each into a form of its own kind, is 
called heredity. The germ of a species ahvays repi'oduees 
forms like those of the parents or ancestors. Acorns al\va3's 
produce oak-trees, animals beget each of its o"\\ n kind, and 
the germ that in the human system produces disease, breeds 
nothing but disease of its own kind.'' 

A seed or an egg develops into an organism that be- 
comes an ancestor of many thousand generations, aggre- 
gating millions of individuals. But in obedience to the 
law of heredity, the individuals of the last generation will 
not verj' greatlj^ differ from their ancestor, nor \\'ill they 
differ from one another. 

The process by which food, once within the body of an 
organism, is decomposed and then made a part of the 
structure of the organism is called nutrition, or feeding. 
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lu obedieuce to this law, now tissuo, that is, tlosli, bUHul, 
bouos. otL',. is oou^tauth luiiig uiaJo, and oUUt ti^^uo. no 
longer usoful. is east oil' and destroyed. The nninber ot 
substaiiees required in mttiition is t'ew. Nearly three- 
quarters of the weight of every or^anie being L'ousists ol 
"ater; in many instanees I'T per eeut. is 
\\ater. Tlie reiiiainiug part is eoinposed 
niaiulv of eonipoiuids of earbon. nitio.c'rn, 
hvdrogen, and pliosphorns. d'he food 
must eontaiu all these stibstanees or the 
organisui will not mature. .Vs a rule, 
plants obtain their food from the min- 
eral kingdom, and amuials, either 
direetU" or indiieetl}". from plants. 
^ ariation is the law in obedi- 
I'uee to whieh organisms are 
elianged. or ehange themselves, 
to meet the eondifions 
neeess.-iry to their exist- 
enee. Thus, under enl- 
tiv ation. the v\ ild rose, 
no longer needing its 
nuiltitud.e of st :i me n s, 
devi'lops them into pet- 

^ als, I'nder the eondi- 

VARiATiox APvma'P TO ns FNviRON- tious iuiposed by its 
^"^ ' env ironment. the almond 

has varied its development by taking the form of the peaeli 
and the neetarine. 

]>irds that for long-eontinued generatitMts have obt.ained 
their food from the water have beeonie either sw imnuM'S or 
waders, and m:uiy sjieeios of those that serateh the ground 
ti.1 obtain food have gradually lost the ]Hnver of extended 
flight. The great diversity observable in the various mom- 
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bers of the dog family is a familiar example of the effects 
of variatiou. The horse of present times has but one toe, 
but the ancestors of the species in Miocene times had 
three, and in Eocene times four toes on the fore feet.^ 
The birds of early geological periods were much more rep- 
tilian in character than those of present times. Some of 
the reptiles, too, have lost their feet and are scarcely a 
remove from serpents. 

Environment. — Variation of species is the result of 
food, temperature, and moisture. These are the conditions 
with which every organism has to battle for existence, 
and these determine all its habits. If the environment of a 
species changes, one of three things is pretty certain to 
take place : the species dies, it migrates, or else it survives 
with changed habits. 

Thus, if in a given locality, the rainfall lessens materially, 
the turf grass quickly discovers it. In order to olitain the 
necessary moistiu'e, au enormous development of rootlets 
takes place, and if this development does not procure the 
necessary amount of water, the turf grass gradually dis- 
appears. If a certain species requires an aggregate of ten 
inches of rain, distributed monthly, it will perish if the 
rainfall decreases to nine inches, or if there is a drought 
of more than thirty consecutive days. It -will thrive and 
possibly extend its limits if the annual precipitation in- 
creases to twelve inches. 

The fruit of the common gooseberry, cultivated in moist 
regions, has a smooth surface ; but transplanted to arid 
regions and left to grow wild, the berry finally matures, 
covered with leathery spines. Cultivation, which is only 
another name for change of environment, has resulted in 
all the beautiful varieties of roses ; it has produced the 
domesticated fruits from wild fruits ; it has made the dif- 
ference between the wild fowl and the domestic fowl of 



the same species. Since the territory iuhabited by a 
species is either enlarged or decreased, by a cliange in 
food, temperature, and moisture, and since a cliauge in 
any of these factors sooner or later results in variation, it 
is evident that the distributi(.iu and variation of species is 
governed mainly by geographic laws. 

Causes tliat apparently are the most trivial are not in- 
frequently attended by far-reaching consequences. For 
example, the mongoose vas introduced into Jamaica in 
order to exterminate the cane-rat, then a menace to the 
sugar-planter. The mongoose did not lessen the number 
of cane-rats, but it exterminated one or two species of 
ground-bird, and with their disappearance there came 
such swarms of '' cattle-ticks '" and " grass-lice " that the 
existence of cattle-raising was threatened. The groimd- 
birds had prevented any great increase of the insect 
species ; but when the former were killed, the latter be- 
came an intolerable pest. 

Animals and Plants. — Plants are lower in tlie scale 
of life than animals. A few species excepted, they have 
not the power of voluntary motion, and if they possess 
the power of sensation at all, the latter is of the very 
feeblest degree. They derive their nutrition mainly from 
the ground and the air, being able to transform mineral 
matter, such as water, lime, jiotash, carbon, etc., into plant 
tissue. With one or two exceptions, plants inhale carbon 
dioxide and exhale oxygen. 

Plants exhibit only in the feeblest degree, if at all, the 
faculty of intelligence, and this is observed onlv in the 
way they seek their food. Tlie I'oots of a plant will grow 
in the direction of water, and the tlo\\ er will open with 
till.' light and close in tlie presence of darkness. No spe- 
cies is knowii that will pursue its ]u-ey or flee from an 
enemy. And the reason is obvious; the plant does not 



THE DISPEPuSAL OP LIFE 300 

exist at tlie expeuse of otlior life-forms ; it merely trans- 
forms dead mineral matter into living matter, wliicli is to 
become the food of liigher forms. Nevertheless, the plant 
contains a vital force that causes it to live, grow, develop, 
and reproduce ; and when this vital force is spent, the 
plant dies. 

Animals — even the lowest species — are far more com- 
plex in organization than plants. The animal lives by the 
destiiiction of other forms of life, and therefore, in general, 
it must possess the powers of locomotion, prehension, or 
grasping, and also some means of defence. All animals 
possess intelligence, and some of the higher forms have the 
faculty of reason. No exact line of division, however, 
can be drawn between animals and plants. 

Dispersal of Life. — The distribution of life over the 
globe is not a matter of chance ; on the contrary, it exhibits 
a character that can result only by the operation of fixed 
laws. Moreover it must be examined from two sides, 
namely — the means possessed by animals and fjlants 
to disperse and, conversely, the barriers that operate to 
prevent dispersal. 

The means of dispersal are many. All the higher species 
of animals possess the power of voluntary motion. Quad- 
rupeds use their feet; birds fly; nearly all insects have 
at least one stage of development in which they possess 
wings ; and fishes swim. Marine currents carry many 
species from the place of their birth to distant parts ; and 
still other species are carried by floating matter, and in 
the crop of birds. 

Seeds of plants are carried by the winds, by rimning 
waters, and in the crops of birds or in the digestive appa- 
ratus of animals. Commerce is responsible for the dis- 
persal of most species used for food and many that are 
baneful to humanity.^ In short, almost every organism 
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possesses means that, imder oi-Jinavv circumstauces would 
s;ive it a far wider territory than it now possesses. 

Tlie uatiiral or iiurestrieted migration of species jireseuts 
au interestiiiL;- aspect. In the temperate /ones, as a rule, 
tiie dispersal has been from west to east •, in the torrid 
zone it has generally been in the opposite direction. A 
moment's thought will sutfiee to show the reason for tliis 
law, namel_T — the direction of atmospheric and marine 
currents. 

But there are many regions swept by marine currents in 
which the species they carry ■\\ill not thrive, and quite as 
many traversed by winds that the winds never sow with 
seeds, and the soil never fertilizes. Such extraordinary 
eft'ects cannot exist without cairses, and these are the 
natural barriers to distribution. 

Barriers. — The barriers to dispersal are even more 
potent than its agents. These nuiy be reduci'd to two 
classes — p]i//sio(jrajiJiic harriers and ciiriroriri/cii/. Chief 
among the former are the high mountain-ranges, oceans 
and deserts. 

High mountain-ranges form a toleralily effecti^ e barrier 
to species not provided with means of locomotion, and the 
more extensive the highland the greater the ditierence of 
the species on the ojiposite sides. There are two reasons 
for this. In the first place, if the species are unprovided 
with means for migration they cannot cross it ; in the 
second place, the conditions of climate on the opjiosite 
sides of high mountains are sc) different that the species 
might not surviAc, even if transpm'ted. The low temper- 
ature of the summit of the range might also lie fatal. 

The ocean and other wide t^x]>anses of water are eft'ective 
barriers to land ])lants and anitnals. A few birds luulowed 
with uinisual ]ii>\vers of flight, have crossed the ocean ; 
seeds and eggs have also made the passage ; and not a few 
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species have been traiisporteil in vessels. J hit all these 
are aeeideutal migrations, and oven then the ([uestion of 
environment would still remain to lie determined. 

Deserts present the same difficulties. Few species are 
able to cross them ; fewer still to remain in them, and the 
barrier once surmounted, there may be chanyi'd conditi<:)ns 
whicli still forbid the intrusion of the species. 

Environment has been considered in the light of a 
cause of variation, but it is far more potent as a barrier to 
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the existence of a species. If a species requires a tempera- 
ture not lower than 0" (o'2"" F.\ it will perish in a climate 
having a loAver range. If it recpiires an annual rainfall of 
thirty inches, it will perish if the precii>itation falls to 
twenty-nine inches ; or if it requires a monthly distribution 
of rain, it will not survive any considerable number of 
droughts of more than thirty days. 
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Tims it is seen that (^-(m-v species demaiuls eevtaiu eou- 
ditious of food, tenipevatnre. aiul uioisture. If these be of 
wide range the species will inhabit a wide geographical 
territory ; if tliey be narrow in range, the limits of its ex- 
istence will be correspondingly narrow. If the proportion, 
or degree, or iiuality change, even minntely, the sptn-ies 
will vary ; if they vary materially the s]ieci(>s will ]ierish. 
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It sometimes oecnrs, however, that a s]>ci.'ies. once in- 
trodnced and acclimated, is unable to maintain itself, or 
maintaining itself, is unidde to spread to any extent over 
a region whose soil and climate are iu every way adapta- 
ble. There are several reasons for this. The region 
mav have been already pre-empted by other species that 
resist encroachment, or there nniy be enemies constantly 
at work seeking to externiinatt' the new-comer. As a re- 
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suit, there are some species capal)le of general dispersion 
tliat are confined to narr(3w limits, while others have spread 
themselves broadcast over both continents. 

Tims, tnrf-grass is easily cultivated, but it has so many 
enemies that in a few localities only does it thrive in a 
wild state. The willow, on the contrary, spreads wherever 
it is introduced. The ostrich does not extend its territory, 
but the rabbit has become a pest in almost everj' part of 
the civilized world. 

QUESTIONS AND EXERCISES.— Study the common thistle, the 
dandelion, or the winged maple, and show how these species may be 
spread. 

In the temperate regions of North America in what general direction 
will those species depending on the winds for distribution be most 
apt to spread ? 

Note any instance that has come under your personal obeervation in 
which plants have been carried into new territory by winds, by running 
streams, or by waves. 

Note any instance within your knowledge in which either a natural 
feature or the activity of man has formed a barrier to the dispersion of a 
plant or an animal species. 

What advantages have each of the following species for dispersal ? 
the camel, man, the burdock, the ant, the snake, the cotton plant. 

The sting of the tsetse fly, an insect of Africa, is fatal to most cattle, 
but the offspring of those that survive, are immune from its attacks ; 
how will this fact affect the dispersal of cattle ? 

COLLATERAL READING AND REFERENCE 

Shalbr. — Nature and Man in North America. 
Rbdwat. — The Arid Region of the United States. 



NOTES 

' Thus, among- plants, these stages are the seed, the sprouting 
plant, and the mature, flowering stage. In animals they are the 
egg, the embryo, and the adult individual. Among the lower 
forms of life the changes are often far more complex. Most 
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insects pass througli the torjjis ot egp, ]:irva, pupa,, and 11x1:1^0, 
and in some species tliere iire still other inteniiediatc tonus. 

' As the enemies to a species increase, its Cecundity is ai)t also 
to increase. 'J'hus, the spawn ot a, female coil-lisli aj^'gref^ates .sev- 
eral million e^KS. 11' all tiiese were to hatch and mature, the sea 
would hold but .'i. tew Lcenerations. 

' Sin<-e the discoveiy of the fact that many diseases are due to 
the ffrowth and development of minute ort^anisiiis within the 
human botly, th(^ science of surgery and that of sanitation have 
been gi-eatly aided. Hcq^tica^mia,, v;i.rioiisly finown as "hospital 
fever" and " blood-poisoniny, " once the bane of every hospital, 
are now compai'atively rare, and such diseases as small-pox, 
typhoid fever, and cholera may be rea.dilj' quarantined and 
stamped out. 

■* Hecause of this struggle, th/it has been waging ever since life 
first appeared on the earth, only the individuals that can Vjest 
adapt themselves to cii-cumst.-inces .-ire abl<' to survive. Varia- 
tion is not always a, gradual change in a. whole species ; it is 
quite as often a distinctive change in sevend individuals, and the 
transmitted change that ujarks the descenilants. 

'The Norwegian i-at in America,, the (Colorado jiotato-beetlc in 
Europe, and the English sparrow in the United States are exam- 
ples. 'J'Ik' Califoi-nia species of the phylloxera, an aphis or 
plant-louse infesting tlie gi'ape-vine, was intrf)dui'ed into France 
and almost destroyed the vines of that country. The Russian 
thistle at one time threatened to overrun the wheat-fields of the 
Mississippi basin, a,]]d the strictest means are necessary to keep 
it under contnd. The gypsy moth, whose larvfe Infests ripening 
fruit, has attacked the orchards of the New England States, and an 
expenditure of nearly a million dollars a year is necessary to keep 
its mischievous work in check. 



CHAPTER XVIII 

THE GEOGBAPHIC DISTRIBUTION OF PLANTS AND 
ANIMALS 



Not far from 150,000 species of plant' and nearly as 
many of animal life are known to exist, and new species 
are discovered yearly. These are distributed in accordance 
with the laws noted in the previous chapter — that is, they 
live each in the locality best adapted to it. Plant life 
includes species that vary as widely in form and structure 
as the multitude of animal sjjecies. 

Distribution of Plants. — The distribution - of vegeta- 
tion may be considered in several aspects, namely — aJmu- 
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iJaiirr and kind : and these are best studied «itli I'l'l'ereiice 
to tlieir regional position or else according to their altitude. 
The abnndauce of vegetation is governed mainly l>_v the 
conditions of temperature and moistiu'e. In a tdimate that 
is both warm and moist there is nearly always an abun- 
dance of vegetation. Because of this fact, plant lif^' is most 
abundant in tropical lowlands, decreasing as the latitude 
and the altitude increase. In tri^pical regituis it is jirofuse ; 
in temiierate climate, almndaut ; in cold rcijions, scantv. 

With reference to the distribution of kind, two factors 
have lieen instrumental — environnu>nt and time. In the 
earlier geological ages certain species seem to have pre- 
vailed at certain centres, and from these they have sjir^'ad 
in various directicuis. The area over which the species of 
a region may liave s]iread is a question chietly of time ; 
the locus, one of environment. The vegetation of a given 
region is called its ftuni. 

With resju'ct to distribution the maji on page 3l!S shows 
that five centres exist from which species have spread, or 
to which they are cliarat-teristic.'' Name them. 

The Northern Eegions, Eirrasian and American, include 
the greater part of the two continents north of the Tro])ic 
of Cancer and tliatinirt of Africa north of the Atlas INFoun- 
tains. The two regions contain, as natives, a large number 
of the deciduous trees, grains, and fruits. The grains, 
maize excepted, and most of the fruits are characteristic of 
the Eurasian; the redwood, sequoias, sugar-t'ane, tobacco, 
and the yuccas to tlie Amerit'an region. The two regions 
are separated by the Atlantic Ocean, and though the life- 
forms are not identical they are very similar. 

The South American r(\gion embraces the territory south 
of the Tropic of Cancer, both mainlanil and insular. The 
mahogany, cinchona., india-rubber, androsewood are among 
the chief species peculiar to the region. 
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The African or Ethiopian region includes all of Africa 
south of the Atlas Mountains and tropical Arabia. The 
baobab, oil-pahu, euphorbias, bigonias, the coliee-trce, 
several heaths, and the geranium, are among the native 
plants peculiar to this region. 

The Oriental Kegion inchides the territ<.)ry south of 
the Hinuilaya Mountains, and most of Malaysia. Among 
the priiicijial characteristic species ai'e the spices, the 
ebony, sandal-wood, and the melons. 

The Australian Region comprises the continent of Aus- 
tralia and most of the islands east and north. The tl(n-a 
of this area is highly peculiar. The prevailing color of the 
vegetation is bluish-green and the leaves turn their edges 
to the sun. The eucalyptus or gum trees, the various tree- 
ferns, and the jarrah are peculiar to this region. In the 
north and east the Australian and Oriental regions over- 
lap, and are marked by species characteristic to both. The 
Eucalyptus and the tree-fern have been introduced into 
California; the jarrah is much used in the maiuifacture of 
street paving-blocks. 

The vertical distribution of s])ecies is determined by 
altitude. Thus at the base of the Himalayas and the 
Andes, the tlora is tropical ; higher up, the characteristic 
species of the temperate zones replace tropical i)lants ; and 
at an altitude of twelve thousand feet, more or less, the 
vegetation is distinctly that of polar ty].)es. 

Economic Plants. — Most forms of plant life have an 
important relation to mankind, and this is especially true 
of those used as food, as medicine, or in the arts. Chief 
among them are the grains and other grasses, tuberous 
plants, fruits, those yielding textiles, and those used for 
building timber. 

The grasses probably extend over a wider area than any 
other family. Of these the sugar-cane and maize, or Indian 
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coru, are native to the Aiiierioau coutiiieiit. All the others 
belong to the Old Woiid, but have followed the march of 
mankind. The members of this family are the sole food 
of many hundred species of animals, and the seeds are 
consumed by every race and almost every tribe of man- 
kind. The starch they contain gives them their chief 
value as a fLiod-stuft'. 

Piice is confined chiefly to the nuirine marshes and 
swamp lauds of tropical and sub-tropical regions, but there 
are one or more species of upland rice. Eice is the staple 
food of about one-half the people eif the world. It is a 
notable fact, however, that iu certain parts of China and 
India, wheat, little by little, is supplanting it. Pound for 
pound its nutrient value is not equal to that of wheat. 
Maize, or Indian corn, a native of the Xew World, is an im- 
portant food-stutt' iu temperate and sub-tro})ical regions. 
It is the chief bread-stuff i_>f the " mixed " and native races 
of the New AYorld. In the United States and Canada it 
is used mainly as anijual food, being converted into jiork. 
Its use, both in the form of grain and meat, is largely in- 
creasing among the peoples of the Old World. It is also 
used in the manufacture of liquor. 

Wheat is the Vuead- stuff' of the civilized peoples of the 
temperate zones and, is the fuel of the activity and 
energy of the world. It is grown in the great plains of 
the temperate zones, Init it thrives iu sub-trojucal and 
sub-polar regions. How do the tojjographie features of a 
plain affect the harvesting and transjiortatiou of wheat ? 
How do they affect the evolution of harvesting machinery '? 

The world requires about 2,200,000,000 bushels of ^\heat 
each year, and the amount required is steadily increasing. 
Wli^^ ? The annual crop is somewhat gr-eater ; in 181KS it 
was 2.700,t)00,000 bushels. It is estimated that the maxi- 
mum crop possible is not far from twice this amount. 
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About one-fourtli of the world's crop is produced in the 
United States. 

Rye takes the phxce of A\heat in many countries, and is 
one of the most important crops of Piussia and Germany. 
A species of oat is native to the North American region, 
Init the cultivated plant is an imported variety. It is a fa- 
vorite food for horses. Barlej', about the hardiest of 
the grains, is also much favored as a food for horses, but 
is employed mainly in the manufacture of malt liquors. 
Buckwheat ^ is not a wheat at all, but the nut or fruit con- 
tains a large percentage of starch ; hence it is much used 
as a food-stuff. 

The canes include one of the chief sugar-prodiicing 
plants. ^ Thej' thrive best in tropical countries, and are 
extensively cu.ltivated in the sub-tropical belts. In oriental 
countries the bamboo, a species of cane, is much used as 
a building material and in the arts. 

The palms, next the grasses, probably yield the greatest 
variety of useful products. Cocoa-nuts, dates, sago, sugar, 
wine, and oil, are all derived from this family. So far as 
moisture is concerned, the palms have a wide range, but 
in respect to temj^erature they are restricted to warm 
regions. They occur in both hemispheres. 

Tuberous plants are among the imjiortaut food-pro- 
ducers. The potato, probably a native of Chile, has been 
carried to every part of the civilized world. It thrives 
best in temperate latitudes. 

The yam ^ and its relative, the sweet potato, are indige- 
nous to tropical America. The beet and the turnip are 
native to Europe. The former is now the principal source 
of sugar. The cultivated onion seems to have come from 
China, but a Avild variety occurs in America. The manioc 
(or manihot) is native to tropical America, but has been 
transplanted to Asia and Africa. 
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The fruits are iiupurtant, not only as delicacies," but as 
foods. Ainonf;' the fureiuost are the fig, the date, and the 
Corinth grajje. They are native to the basin of the Medi- 
terranean Sea, and the dried fruit is a necessary article of 
food in that region. The Ijanana, native to tropical Asia, 
has become a recognized article of food in America. 

The cultivated varieties of the apple, pear, peach, and 
plum are native to western Eurasia ; the cherry, apricot, 
and almond to the eastern part of that continent. The 
melijns and their near relatives, the gourds (including the 
pumpkin and squash i, are also from Asia. The orange, 
lemon, and lime probal;>ly came from the southern slope of 
the Himalaya Mountains. So far as written history is con- 
cerned, the gr-ape - has a greater antiquity than any other 
fruit, manna possibly excepted. It is found in a wild 
state in lioth hemispheres. The cranberry probably orig- 
inated in the temperate zone of Xorth Ajneiica, migi-atiug 
thence to Eunjpe. The tomato is also native to America. 

3Iost of the succulent and leguminous plants, such as 
the cabljage. lettuce, spinach, and peas, have followed the 
migrations of Europeans. The bean seems to have come 
from Egypt. Celery is undoubtedly of Eurasian origin ; it 
is found in a wild state over a large part of the continent, 
but is extensively cultivated. 

Tlie beverage-vdelding plants in one or more species are 
cultivated throughout the whole civilized world. Tea is 
sent from eastern and southeastern Asia to almost every 
other coiintry. The best quality is grow-n on the chain of 
isLtnds east of the mainland ; it is also grown in the 
United States. Cotfee is probably a native uf Abyssinia, 
but is now cultivated maiidy in the Xew World. It grows 
wild in the farmer region, and a similar species is native 
to the warm parts of California. 

The cacao-tree yields cocoa-beans. The latter, dried 
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aud browned, are used as au iufnsiou ; ground with its 
own fat or with hird it is the choc<jlate of commerce. 
It is native to tropical America. Mate (iKU-fa ), or Para- 
giiay tea, is the leaf of a species of holly native to Houtli 
America. Its infusion is used all over that grand divi- 
sion. 

The spices come nearly all from Houtheru Asia and the 
Malaysian archipelago. Of these none except pepper has 
been transplanted to any great distance from the place of 
their nativity. Capsicum, or red jjepper {chile culurado), 
is native to tropical America. Nutmeg is a fruit, the cov- 
ering of which is the mace of commerce ; cinnamon is the 
dried inner bark of a species of laurel ; cassia is a similar 
species growing in China and the New "World ; clones are 
the dried buds of a tree native to the Molucca Islands and 
Southern India. 

Medicinal plants are as widely dispersed as is the hu- 
man race. The opium-poppy, native to tropical Asia, pos- 
sibly to Egypt, has not migrated far from the place of its 
birth. The cinchona, a native of South America, but now 
cultivated in tro]iical Asia, yields quinine and a score of 
derivatives. The various members of the night-shade 
family '^ all yield powerful medicinal substances, among 
them nux vomica, strychnine, belladonna, and gelsemium ; 
they are found in Ijoth continents. 

Ehuliarb and ginseng are native to China, but are now 
cultivated chiefly in the ITnited States. The hemp that 
jdelds cannaliis indica, or hasheesh, comes fi'om south- 
ern Asia. Coca is native to the Andes. Cascara seems to 
be confined to tropical and sub-tropical America. Most 
medicines widely used are derived from plants found in 
tropical regions. Tol)acco is native to America. 

Plants used in the arts have followed man in his migra- 
tions. Cotton '" is the furze attached to the seeds of the 
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cotton pliuit. Flax and lienip are obtaiuod from tlio l)ark 
of tloweriug plants; l)oth came from the Old World — 
probably from Africa — but four-liftlis of the world's prod- 
uct is now grown in tlic; United States. Jute and ramie 
are native to Asia, but are now cultivated in America. 
More valuable; than either of these is pita, the filjie of the 
wild pineapple, native to America ; and so also is hene- 
quen, or " sisal hemp," the fibre of the agave. 

The forestrj' of the world is distributed with a remarka- 
ble degree of regularity. The pines and other conifers, 
oaks, elms, maples, willows, chestnuts, and beeches, occupy 
a lielt between the 40th and 55tli parallels that crosses 
both continents. The distril)ution of tropical forestry is 
not so regular, from the fact that South America has a 
dora peculiar to itself. The palm, banana, mahogany, 
bamboo, and representatives of the pines continue through 
both continents, however. 

On both sides of the belts of forestry there are extensive 
treeless areas. In some instances the areas are treeless 
l)ecause they are deserts, but in others, such as the 
prairies and plains of E,ussia and the United States, there 
is a fertile soil and an adaptability of environment. In 
manv instances there are no trees because the seeds have 
not been cariied thither ; because the rivers and the winds, 
flowing from regions that practically are deserts, carry no 
seeds into the regions toward which they How. 

In the United States forestry thrives Ijest in a gravelly 
soil, but lives and increases in a sedentary, prairie soil. 
In the Cham plain period that followed the Glacial epoch, 
the northern part of the United States was traversed by 
streams that bore the seeds of various species. Wherever 
the streams deposited gravel they also deposited seeds. 
Hence this region was sooner or later covered with trees. 
As a matter of fact, the tind)er-covered regions of the 
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uorthem United States are nearly identical with the area 
covered by stream gravel and till. 

Distribution of Animals.— The animal life of a rep;ion 
constitutes its fditua. Of the various classes," the mam- 
mals represent the highest types of life, both with resj^ect 
to form and stnictiu'e and also in the matter of intelligence. 
All the forms of animal life possess the attribute of in- 
stinct — the hereditary power of thought required in such 
actions as tend to preserve and extend life. The higher 
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forms, in addition, have the powers of reason. These 
faculties have, doubtless, largely controlled the distribn- 
tion of life. 

In the dispersal of animal species the power of locomo- 
tion has given a wonderful development to both instinct 
and reason, and tliese have been controlled by the most 
powerful motive that exists in connection with animate 
life, namely — the sense of hungev. 

As in the distriliution of jilants, there seem to be certain 
centres from which aninnd s]ieeies have migrated. But the 
limits have been determined in a somewhat difierent way. 
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lu the case of plauts the tenitory of a flora is mainly i;ov- 
eriied by euviroumeut ; iu the ease of aniiiial life eiiviroa- 
meut is an iniportaut matter, but the power of voluiitary 
loeoiuotion has beeu the leailiug factor. The limits of a 
fanua, therefore, are largely determiueil by its various 
physiographic bariiers. 

Iu the map, page olS, it is seen that the North Amer- 
ican and Eurasian regiems have a very brciad extent, and 
are separated by marine barriers that are neither veiy 
wide nor impassable. In the south, the regions are sur- 
roiruded by barriers that ^''I'actically isolate them. For 
exauiple, South America is separated froui Xortli America 
by the barriers c>f sea and climate. The African region has, 
in addition to these barriers, a high mountain range on its 
northern border ; the same is true of India, south of the 
Himalayas ; Australia is environed by the sea and also by 
l^eculiarities of climate. 

From this it may be inferred that the faunas of the two 
northern regions are not greatly dissimilar. Such an infer- 
ence is correct. In many instances the species are identi- 
cal, and in others an order or a class has its rejiresentatives 
iu both continents. The southern regions, however, are 
marked by strong contrasts. 

The Xorth American and Eurasian regions have in com- 
mon many species of carnivorous, or Hesh-eating animals. 
Various species of wolf and bear are widely dispersed 
through both regions, and the cat family is represented by 
the panther and several species of wildcat. Many fur- 
bearing animals — notably the lynx, otter, ermine, badger, 
and sable — are eomnnni to both regions, and so are species 
of the deer family and mountain sheep. 

Till' grizzly bear, caribou, bison, musk-ox and Idack 
bear are ]ieculiar to America ; tlu^ first named is found 
only iu the Ilocky IMouutaiu liighlands. Tlie reindeer, 
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t'uinol,'- buffalo, and uoarly all domrstic auimals are na- 
ti\o to tlio C)ld AVorld, but have been transplanted to the 
Anierieau continent. The opossum, puma,, bald eagle, 
liumming-bivd and wild turkey are native to tlie American 
region : the chamois, ibex, fallow-deer and airrochs are 
peculiar to tlu^ (^Id World. 

The South American llegion is distinguished by a pro- 
fusion of animal life. The moidctns of this rei^icin are a 
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species distinct from those of the Did World. The camel '^ 
of the (^Id World is here rejilaced by the alpaca, vicuna, 
llama, and guanaco — all distantly related to the camel. 
The last named, however, is probably native to the South 
American region. 

The sloth, armadillo, ant-eater and peccary are peculiar 
to this region, and so are the numerous parroquets, and a 
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host of insect life. The condor is the nearest approacli 
to the European vulture and the rhea to the ostrich. 

The Ethiopian Region is conspicuous for the absence of 
the species most common elsewhere. On the other hand, 
the gorilla., lion, zebra, hippoiiotamus, girafl'e, ostrich, five- 
toed elephant and many other characteristic species are 
found nowhere else. In but one other region is the pygmy, 
a. dwarfed species of man, fomjd." 

The Orii^utal Ilegioii is the birthplace of most of the 
domesticati'd animals. Among wild animals the tiger, 
mongoose, cobra, and three-toed elephant are peculiar to 
this region. The rhinoceros, jackal, and leopard are com- 
mon to this region and that to the westward. 

The Australian Region is marked by the most unusual 
types of life on the face of the earth. Almost all its life- 
forms are peculiar, and but few types found elsewhere 
occur in this continent. Many of the species are marsu- 
pials — that is, the fi^male has a pouch or pocket in which 
the immature .young are carried. Many others, such as 
the kangaroos, have enormously developed hinder legs. 
As a rule, Australian species are similar to those of a 
prior geological age. 

The Bearing of Organic Life upon Physiography. 
— In the foregoing paragraphs the effects of physiographic 
fiu-ces upon life have been considered. The bearing of 
life and its energy upon physiographic forms are just as 
far-reaching and quite as important. 

Life-forms have been and are now among the important 
agents in rock formation. Some of the limestone basins 
of the Mississippi Valley, all the infusorial earths, the 
various fringing reefs, the barrier reefs, the atolls, and the 
encircling reefs are the work of animal life. On even a 
more extended scale are the chalk formations oi Western 
Europe, which are also the results of life. 
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In the Iniiad areas of the tnipieal oceans the worli nf 
orgauie Hfe is of still great(>i- luagintnele. The water of 
tliese regions is swarming with life, and the skeletons 
of the dead forms, together with other mineral constitu- 
ents, are aeeumnlating at the liottom. Whereyer deep-sea 
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dredging has been carried on, these accumulations have 
been found. 

But the secretion of the lime from the sea-water has had 
still another effect. After the lime and other mineral mat- 
ter has been aljsorbed l)y the organism, the water is speci- 
ticallr lighter, and, as a result, the change in the density 
of the water has brought about a slow, but a none the less 
certain circulation of water. 
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Vegetable life also is responsible for extensive areas of 
rock formation. Under certain conditions, sncli as exces- 
sive saturation, the leaves, twigs, and stems of plants accu- 
mulate to consideraljle depths. If these accumulations be 
covered by overflowing sediment, either Huviatile or ma- 
rine, the wood-fibre, after long-continued pressure and jjar- 
tial decomposition, is converted into coal. 

In the United States more than 150,000 square miles of 
territory are underlain by coal measures, and in the various 
basins of Eurasia probably a greater area exists. The most 
extensive formations of this character are found in the later 
rocks of the PalaBozoic age, but coal is not confined to 
any particular strata. Coal-making has been an incident 
of everj' geological age. Diamond, graphite, anthracite, 
bituminous coal, mineral pitch, petroleum, and natural gas 
are all the results of organic life. 

In preventing general surface erosion, vegetation has 
also been an important factor. A surface covered with 
grass or foliage resists the action of rain and winds alike. 
Covered with vegetation a surface can withstand almost 
any amount of wdnd and rain, but denuded of vegetation, 
the surface is quickly scored by running Avater ; gullies 
gTow into ravines, and the latter deepen into impassable 
canons. 

It has been shown in another chapter that not only 
is vegetation capable of converting a moderately dry region 
into a swamp, but also that it may fill the swamp and after- 
ward reconvert it into a dry region again. It may accom- 
plish even more than this. A single species, such as the 
Russian thistle, may exterminate e\evy other species of 
plant within a certain area. 

As the native vegetation disappears so do the character- 
istic animals, and, sooner or later, the entire flora and 
fauna are changed. This changes also the character of 
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the soil ; aud as the topography of a region is due more or 
less to its characteristic vegetation, sooner or later this is 
changed. 

The very lowest forms of vegetable life, such as the 
moidds, the bacilli, bacteria, and micrococci, perform an 
important ofSce also. These forms, commonly known as 
disease-germs, may — aud sometimes do — exterminate whole 
species, both of animals and plants. In company Avith the 
mosses and lichens they disintegrate and decompose the 
hardest rocks and crumble them into soil. In warm, moist 
regions exposed rock-cliffs and strata are much rarer than 
in arid regions. Fresh surfaces of rock once exposed are 
quickly covered with mosses, lichens, and the various pro- 
tophytes. These, once established, require time onlj', 
either to completely disintegrate the rock, or else to cover 
its surface to a considerable depth. 

The common earthworm plays an important part also. 
It thrives in moist earth, and a colony of these worms, 
once bred in a given locality, continues to inhabit it until 
the whole mass is changed to a rich, loamy soil, capable 
of supporting a dense vegetation. Thus it is seen that the 
lowly and often invisible forms of life become important 
factors in the physiography of a region. 

QUESTIONS AND EXERCISES.— Make a list of the forest trees, 
shrubs, and other wild plants growing in the neighborhood in which 
you live. 

Make a special study of any plant or " weed " regarded as useless or 
baneful. If you cannot obtain the information you require, send a 
specimen to the Department of Agriculture, Washington, D. C. 

Follow the same directions with reference to the animal species, es- 
pecially those injurious to vegetation, applying to the Department of 
Agriculture for information you cannot obtain elsewhere. 

Enumerate the articles of food and table furniture used at dinner, and 
follow the route of each one from its native place to the table. 

Mention the various uses to which maize or the corn plant is put — 
grain, cob, and stalk. 
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In what ways does the wheat crop affect the hahitahility of the 
United States ? 

Name some of the chief causes of the destruction of forestry. Note 
an instance in which the cultivation of the cotton plant has affected 
the historj' of a people. 

Describe instances in which the distribution of animals or of plants 
has been effected by the agency of mankind. 
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NOTES 

' These are S'l'oiipt'il in live suli-kiiisi'diuns. TIk /imtnpjn/tt.'.are 
the lowest form lit vei;vta))le lile. Tlu'\" ci insist each nf a sinLj'le 
eeU or of i^'ivnps (if eells. In this suli-l\inL;'iloui are incluileil The 
yeasT plant, and otlier similar siilistanees known as ferments, the 
ori;anisms that pruduee all the forms of "rottini;'" or imtre- 
taction, and the liost of V)aeilli. liaeteria, and mieroeoeci u-oui- 
mouly known as " mierolies " i that are [irodtietive of disease and 
various struetnral ehanges. T/n 7'Iiii/fnj)Ji i/fi s inr\u{\e the plants 
in wliieh tlieiv is little or no distinetion lietween leaf ami stem, 
sneli as liehens and fnn^'i. jXearly all the " sea-weeds " and the 
vegetable " moulds "" lielom;' to this snli-kini^'dom. 

T/it- hri/n/i/i i/Us comprise tlie mosses and the liverworts. IVie 
/)tti/<7i)ji/ii/fis rank a little hic-her. They include the clnb-mosses, 
horse-tail rushes, and true ferns. All the forei^-oiu:;' snli-kini:-doms 
are flowerless ; they rciiroduce hy means of udnutc spores that 
are Ixirne in receptticles on some protected part of the plant. The 
dust cominij- from a Imrstiui;- iiull'-liall consists of s|iores, and these 
have the reproducti\e propt'rties ol' seeds or et;-i;'s The jilnniirii- 
ijdDls uu'\\iy\v all till' siiecit's of ij-rasses, sliruhs, flowering plants 
and forestry. Their mowth, like that of certain lower forms, con- 
sists of two parts, the roots .-nul tlu' atrial portion. They repro- 
duce bymcans of tlowers and seeds. 

"This term is used here because, unfortiniately, it is almost 
universally employed in the science of L:eoi;raphy. What really 
lias opcurred to spread ihe species is a mic-ration ora dispersal. 
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' This classification by regious or centres is practically the same 
as thfit proposed by Professor Wallace, except that the names 
Eurasian, jN'orth American, and South American, are substitu- 
ted for 'paJaari'tif, iieiin-tic, and n.eotrop/'cal. This selieme has 
been adopted because it is Ijased strictly upon geographic laws. 

''Buckwheat, for convenience, is included in this list. The 
name is a corruption of " beech-wheat," on account of the I'eseui- 
lila.nce of the kernel to that of the beech-tree. It is said to have 
been introduced into Europe Ijy the Sai'acens, and in parts of 
Europe it bears the name Saracen wheat. It probably came 
from Manchuria.. 

° To these should l_>e added the Ijeet, which is now extensively 
cultivated for the purpose of sugai'-manufacture. In tropical 
America certain agaves, near relatives to the grtisses, are the source 
of not a little sugar. 

"The yam is found also in the East Indies, and it is a disputed 
question whether or not the American species is a descendant of 
that I >f India. 

' This fruit is commonly l>ut incorrectly known as a currant. 
The latter is regarded as native to Kura.sia, but wild species are 
certainly indigenous to western ^orth America. The apple and 
the plum, said to be native to Eurasia, are also found wild in 
North America. The peach seems to have originated in Persia, 
from which the name is deri\ed. 

*The fox grape, a. \vild fruit growing in Canada and the New 
England States, was discovered and described by the Norse ex- 
plorers who visited North America, about A.D. 1000. The eulti- 
^'atecl species of America ai-e mainly imported ; the Concord is an 
improved wild species of America. 

■' The potato, tomato, and toljacco ai'e the most important Ameri- 
can representatives of this family. The "jimson" (probablj' a 
corruption of .JaDiestinnn) and other species of the datura stramon- 
ium are found in all moist and warm regions of North America. 

'" Barbados and Sea-Island cotton is probably native to America. 

" The classification of animals is somewhat more diffloult than 
that of plants. The animal kingdom is divided into eight great 
branches or groups ; these are again divided into classes and sub- 
divided into the f(_)llowing orders : 

Protozoans, the lowest foi-ius of animal life, such as rhizopods, 
infusoria. Porifera, of which the sponges are the chief species. 
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Calenterates, of which the coral-polyps, jelly-fish, and sea- 
anemones are the best types. Schinodenns, represented by the 
star-fishes, sea-urchins. Vermes, or true worms. Mollusks, or 
shell-fish, such as the oysters, clams, limpets, snails, and slugs. 
ArtJrropods, including the types of lobsters, crabs, spiders, scor- 
pions. Vertebrates, or animals having tlie back-bone. 

Of these the first four inhabit tlie water ; the remainder include 
both land and water animals. The vertebrates comprise various 
classes of which the principal are mammals, or warm-blooded 
animals that suckle their young ; birds, mainly aerial in their 
habits ; reptiles, including snakes, lizards, and turtles ; batra- 
chians, represented by frogs and toads, a.nd fishes — all aquatic in 
their habits. 

'- The factors that have governed tlie disj^ersal of animal 
species cannot always be determined. It must be borne in mind 
that dispersal began in prior geological times, when the condi- 
tions of environment were often different from those of the pres- 
ent age. In the ease of mai'ine life, the limits to the territory of 
species are Ijounded mainly by the temperature of the water. 
The fauna of cold currents is materially different from that of 
warm waters. Deep sea species are wholly different from surface 
species also. The fish living at the l)ottoni of the deeper parts of 
the sea are mainly sharks, several new species of which were dis- 
covered by the Prince of Monaco at a depth of two miles. 

" The camel probaljly originated in America, but became ex- 
tinct before the Glacial Epoch. In 1858 it was introduced into 
the Basin Region of the United States and a few head still sur- 
vive in the Gila Desert of Arizona. The popular distinction 
l)etween the camel and the dromedary is a very misleading and 
an incorrect one. The term (deifved from a Greek word, to run) 
first applied to a species remarkable for lleetness, afterward came 
to include any camel trained to Heetness of movement, 

" There is some evidence of the existence of pygmies in Europe 
during the neolithic period, and recent discoveries in Switzer- 
land strongly confirm tlie evidence. Dr. B. M. Aaron has called 
attention to the fact that the archaeological records of Cozumel, 
an island east of Yucatan, l)ear evidence of the existence of a 
pygmy race. The ruins of tlie tliminutive store-houses that are 
still found on the island, and the small human skulls lend credi- 
bility to the theory of pygmy existence in America. 
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MAN 

Man, though at the head of animate creation so far as 
the development of reasoning powers are concerned, from 
a physiological stand-point is distinctly an animal, and is 
closely related to other vertebrates.' The skeleton of a 
man does not differ materially in stnicture from that of 
a monkey, a bear, a dog, or a bat ; it does not differ very 
greatly from that of a whale, a lizard, or a bird ; it closely 
resembles that of the gorilla. 

With respect to nutrition the resemblance is still 
stronger. The digestive apparatus and the various 
processes by which food is converted into blood, bone, 
and flesh are the same in man as in other mammals. 
The food, moreover, is practically the same — water, grain, 
fruit, and the flesh of other animals. The organs by 
which the blood is circulated are the same, and the proc- 
esses involved in breathing do not differ in any essential 
point in man and other mammals. In the structure of 
bone, muscle, and tendon,- and in the operation of special 
organs, such as nerves, intestines, lungs, and heart, the 
functions are practically identical. 

The chief characteristic of mankind is tlie great develoja- 
ment of the reasoning faculties. The power of reason is 
certainly common to some of the lower animals — possibly 
to all species. In man, however, this faculty is enormouslj' 
developed in comparison with other animals. Moreover, 
the power of reasoning abstractly seems to be possessed 
by no other species of life. 
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'I'lu- rlassiliratidii of inaiikliiil iiild larcs auil t'aiuilio.S, 
lidwevor, is our of such -loat ililliiailly that uo tAMi I'th- 
noi;ra}>hoi's aro iu full a^Ti'ianoul. ' Color of skiu, texture 
of hair, auil laui;ua,L;e haxc beeu eaeli niaile the liasis of 
elassitieatiou, l>ut eaeh s\>.teui, «1umi eloselv iolloueJ, leads 
to eonfusing ilifHeulties. 

The Black Peoples. The people of this tyjie ai-e 
cliaracteii/.etl l>y lilaek skiu, kiuk\ or wciolly hail', auil tliiek 

lips. The Xeeroes aie 
the l)est kuowu peo[il(> of 
tlu^ f,^'lH'. This raee is 
native to (\'utral Afiiea, 
liut has lieou aoeliuiateil 
iu America, imnilteriug 
theix' aliout teu or twelve 
uiillions. The liantns are 
the tiuest s]ieeiuiens ol 
the black ty])e, aud in 
their native rej^ion are 
apjuoacliiuL; civilization. 
Thev are distinguished 
by a color of skin that iu some cases is distincth" bronze 
I'ather than black. Their features are finer, and the lips 
thinner than those of the Negro. 

The Australasians iuhabit the eoutim>nt of .\nstralia and 
the near islands. They are t.all and slender, lune straight 
hair, and represent the lowest degrei^ of ci\ ili/.ation. 'The 
Melanesiaiis .are nativi' to New Cininea and the chain of 
islands to the southeast. There are also tribes in \avious 
])arts of the Phili])]iiue Islands. The ^lelauesiaus and 
.Vustr.alasia.ns are also trailed " N<'groiils." Thev ar(> s.av- 
ages, ^\arlike .and f<uocious. ('.annibalism is abuost uni- 
versally practised among them, but is not coulined to the 
black ract^s. 
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The black type of maukiiid is best adapted to a warm 
clinuite, and the various races are free from the malarial 
fevers and other baneful climatic influences that are so 
fatal to white peoples. In tropical regions the Negro races 
ai'c by far the most enduring pooiiles. The religion of al- 
nidst all the people of this type is fetich or ol.)eah worship. 

The Yellow Peoples. — The yellow or Turaiiic peoples 
are pri_)l)a]jly native to Asia somewhere north of the 
Himalaya Mountains. The type is characterized by 
coarse and straight black hair, high cheek-bones, and 









AMERICAN INDIANS 



yellow or yellowish-brown skins. In some instances, as 
the Chinese, the eyes are set at a peculiar angle, giving 
rise to the term " almond-eyed." 

The Chinese peoples ' include the (/'hinese, Burmese, 
Anamese, and Siamese. Their civilization is an old one 
and highly elaborated. In religion the Chinese are nomi- 
nally Buddhists, l)ut in fact they are given chiefly to an- 
cestor- worshi]). The Tibetans represent the best exam- 
ples of the race. The Burmese, Anamese, and Siamese 
are pure Buddhists. Tlie Mongids of western and northern 
Asia, especially the high plateaus, are a race of nomadic 
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horsemen, courageous and intelligent, but only a remove 
from the savage state. In religion they are Mohamme- 
dans. The offshoots of this race that have settled in 
Europe — the Turks, Huns, Laps, and Finns — have reached 
a high degree of civilization. 

The Japanese are probably a mixed race — Mongol and 
Malay, with which possibly there has been absorbed a still 
older race, native to the islands. Intellectually the Japa- 
nese are at the head of the race which they represent, and 
within forty years they have developed a civilization com- 
paring favorably with that of European nations. 

The Malays, or brown race, inhabit southeastern Asia, 
and the islands to the eastward. In their present state 
most of them are savage, but they seem to have the capa- 
bilities of an advanced civilization — a fact apparent in the 
JajDanese, Javanese, and Hawaiians. The Maoris of New 
Zealand are an excellent type of Malay. The Hovas ^ of 
Madagascar, belong to this race. Most of the native peo- 
ples of the Philippine Islands are Malays. The Tagals 
have reached a condition of civilization ; the Visayas and 
Maccabeles are but little inferior ; the Mores are savages. 

The American " Indians," for the greater part charac- 
terized by a brown color,^ are native to the American 
continent. At the time of the discovery of America several 
tribes, such as the Aztecs and Peruvians, were emerging 
from a state of barbarism into one of civilization.' They 
were gradually absorbed by their conquerors. 

In South America and Mexico the Indians have become 
a mixed race. For the greater part, this has resulted from 
inter-marriage with the Latin races — especially the Portu- 
guese and Spanish. In North America, on the contrary, 
where the associations between Indians and Teutonic 
peoples have always been marked by bitter hatred, the 
Indian blood is still pure. 
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The Eskimos, one of the most iuterestiug divisions of 
the yellow type, are coiitiuecl to the north eircumpolar 
regions. They seem to be related to some one or other of 
the Mongol races, but the relation is distant. They are 
short in stature, averaging less than five feet in height. 
They are intelligent and highly suscejitible to civilization. 
This fact is nnusual, inasmuch as their habitations are mud 
and stone huts ; their occupation, fishing; and their food, 

raw blubber and fish. 

The White Peo- 
ples. — This race coni- 
])rises two great divis- 
ions, each subdivided 
into various families. 
These divisions, more- 
over, represent lan- 
guage and relation, 
rather than structure. 
The color of the skin 
varies from light 
blonde to swarthy, 
closely approximating 
black among certain 
peoples. Intellectual- 
ly, it is the dominat- 
ing type of mankind. 
The Aryan division is by far the most widely sjircad 
and numerous of the typo. In Asia, it includes the 
Hindus, the Persians and most other dwellers in the Iran 
plateau. In Europe, it includes almost the entire popula- 
tion, the Turks, Huns, Lap]>s, Finns and Semitic peojiles 
excepted. In the American continent, to which its peoples 
have migrated, it tunbraces about t)ne hundred millions of 
souls, mainly of the Te\itonic familj-. 
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The Teutonic, Latin, Sclavonic, and Keltic families of 
this race now constitute the leading, most intellectual, and 
most powerful nations in the world. These families occupy 



greater part of North America. 

various families are confusedly 

In South America they have 



most of Europe and tlie 
Here the peoples of the 
mixed by intermarriage. 
intermarried with the 
native races. 

The Semitic familj^ 
comprises the Hebrews, 
Moors, Arabs, and Abys- 
sinians.^ The Assyri- 
ans and the Phoenicians 
were also of this race, 
but they have been ab- 
sorbed, or dispersed by 
conquest. The Hebrews 
or Jews are the only 
surviving remnant of 
this race now holding a 
position of any im- 
portance. For about 
four thousand years, 
in spite of fearful odds 
against them, they have held a commanding position. 

Springing from a family whose native place was not far 
from Syria, the Jews became a nation of considerable im- 
portance. Because of their steadfastness to their religion, 
neither slavery nor conquest has exterminated them. Scat- 
tered over the earth, they are numerically about as strong 
as ever they were, and their religion and ceremonial rites 
are as marked to-day as they were four thousand years ago. 

Pygmies. — Scattered over a considerable area of Africa 
are peoples having no ethnographic connection or relation 
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to any of the foregoing families. These are the pvpiuies.'^ 
So fai' as the cokir of the skiu is coiieenied, there are two 
classes of this people — one having a light brown skin, the 
other being almost black. 

Of the varions 2^3'gin3- tribes the best knoAvn are the 
Akka, AA'ambntti, and Batna of central Africa, and the 
Bushmen of the soutlun-n ]iart. All individuals are charac- 
terized lij' a. heavy growth 
of I'usty, red-browu hair 
upon the l.iodies, prog- 
nathic jaws and retreat- 
ing foreheads. The aver- 
age stature of the Bush- 
men is about live feet ; 
of the other tribes about 
four and one-half feet. 
The Akka are character- 
ized by mis-shapen bod- 
ies, long, skinny fingers, 
and withered legs. The 
Negroids of the Phib]i- 
pine Islands are some- 
times classed among the 
pygmies. 

Nearly all the ]\Ygmy 
tribes have learned the 
use of fire, but, as a rule, they eat their food raw. Altlumgli 
they have a very low place in the human scale, thev display 
considerable intelligence. The Wambutti are ijigenious 
iu devising nets and traps for securing ganu\ and they 
seem capable of a low form of civilization. The i)vginies 
are rarely at war either with the otlier African tribes or 
with one another. 

Antiquity of Man. — The Avritton history of man does 
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not extend V)ack\varil more tliaii six thousand years Ijefoio 
the Cliiistiau era, and of tins ])eriod the tirst half, as re- 
corded in Holy Scriptuie, contains d ita coullijjpi^ hut one 
or two families and then 
descendants. Geologi 
cal history goes back to 
a period of greater an- 
tiquity, l)ut unfortunate 
ly gives no clew where 
by the age of man can 
be computed in years' 
Written history did not 
Ijegiu until man had 
reached a comparatively 
high state of civiliza- 
tion, but geological his 
tory antedates this pe- 
riod, and discovers man 
living practically in a 
wild state, as a hunter 
and a dweller in caves. 

If man preceded the 
Glacial epoch, about 
eveiy trace of the spe- 
cies disappeared. With 
a few exceptions, upon 
which doubt has been 
thrown, the oldest traces 
of mankind are found 
just above the unsorted 
drift of the Glacial 

epoch, and below that of the river gravels of Chamj^lain 
times. Above the glacial drift, however, there can be no 
doubt of the existence of the species."^' 
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Both in Europo aiKl Aiuericu tlie bones of mau, associ- 
ated with those of the cave-dwelling animals ho hnnted, 
have been abnndantly ftiund. With these have been ftmud 
also implements of the chase, ornaiuents, charred pieces of 
bone, and in one instance a rudt' drawing of an extinct 
species of elephant, scratched tni ivorv." 

From the time of the earliest geological liistorv of the 
species, there is observable one feature that distinguishes 




F.MF.Kl'.lNC. FROM A SA\'ACH STATE 



mankind from brute creation, nanudy - rajiid intellectnal 
development. Primitive man had learned the nse of tire, 
and this in itst'lf was to give him supremacy overall other 
animate natures He had also acquired the use of tools, and 
these were a great increase of power. The ea.rli(>st race of 
people employeel hammers or axes of rough stone. The 
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next step seems to have been the making of polished stone 
axes, knives, arrow-heads, etc. When, however, the primi- 
tive man applied lire to the shaping of his tools and imple- 
ments made of metal, his civilization was assured, and his 
power became supreme. 

At first the metal emjiloyed was a crude alloj' now known 
as bronze. At a later period, however, iron Avas substitu- 
ted for tli-e alloy. Some of these implements were of an 
ornamental character, but in the main they were either 
tools or weapons. With the increased power afforded by 
these tools the people who used them pass out of the state 
of savagerj^ and emerge into that of civilization. 

Migrations of Mankind. — The history of mankind is 
the history of successive migrations that have been going 
on for more than four thousand years. From the earliest 
times people have associated in families, families have 
grown into clans, and clans into tribes. When a region 
has been sparsely settled, association and government have 
commonly been of the patriarchal kind, the oldest one of 
the family or clan being the leader. 

In cases, however, where there has been a common 
enemy, the plan of association has often been communal 
as well as tribal. Thus while the families described in the 
earlier history of the Old Testament observed a patriarchal 
rule, in later times, the plan of government became com- 
munal and afterward national. The same evolution had 
began in the case of the aboriginal Americans. Families 
}iad grown into clans and tribes, and among the Aztecs and 
Peruvians, tribal association had grown into commimal 
government and was fast emerging into ci\'ilization. 

But there have always been limits to the growth of a 
people. They may be exterminated hj a stronger race ; 
they may be dispossessed by a stronger people or be ab- 
sorbed by them ; or they may find the region too miich 
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overstocked, ami incapable of supportiut;- so great a jiojin- 
latiou. Ill aii_y case, unless tlie people is exteriiiiuated or 
al)Sorbed, migration is the only remedy. 

Thus, tribes of the Tartar '■' race, known in history as 
the Huns, migrated from the ]ilateans of Asia and over- 
ran a. large part of Europe. On their way they drove the 
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eastern Orotlis from their lauds, and the hitter, in turn, over- 
whelmed Italy and Spain. The Lomliards, a Teutonic 
people, migrati'd from the shores of the Daltic to the Adri- 
atic Sea. The Vandals swept over western Europe, leaving 
behind a trail of hre and blood. They devastated Spain, 
(.•rossed to Africa., and established an empire on the site of 
('a,rtliage. About one hundred years later they were exter- 
minated by a llonian army. Under the teachings of Islam, 
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the .Aji-abs (or Saraceus) devastati'd the uoi'tli of Afvica, 
entered 8paiii ami penetrated France. The_v foniided a 
Moorissli emjiire, but were afterward dii\eu from Europe. 

The foregoing- ar-e but a fe\v of the movements of popir- 
h^tiou that oexnrrred in tlie short space of three centuries, 
and in the smallest natural division of land. History takes 
no note of sinular changes that must have been going on in 
other parts of the world at the same tinu'. 

The records of imwritten history furnish many instances 
of the dispersions of peoples that must have taken i)laee 
on a considerably greater scale. In some instances the 
migration was a systematic movement that practically was 
the advance of an army ; iu other instances it was a grad- 
ual extension of limits. 

The migration of the Ai'yan race is an illustration of 
systematic dispersion. From some jiart of Eurasia the 
various families of this race wandered west\\'ard until they 
occupied all Europe. From Europe, moving still westward, 
they have subjugated the American continent, and even 
now the advance guard is knocking at the doors of Asia, 
after nearly completing the circuit of the w orld. There 
can be but one explanation of such a wonderful dis])er- 
sion. It is the struggle for existence — the energy put forth 
to ap]iease the cravings of hunger. 

Man's Relation to Physiography. — The influence of 
man as a geographic agent is often overlooked and the 
far-reaching couseqiiences are seldom appreciated. These 
eti'ects may be classitied as interference with the ordinary 
course of natural events, in respect to the surface of the 
land, with respect to climate, with reference to drainage, 
and iu the dispersion of life. 

The surface of the land has been modified by man iu 
many wavs. Of these the most important is the destruc- 
tion of forestry. In both Europe and the United States 
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a very large part of the surface once forest-clad is now 
bare. By various artifices, running streams have been 
made to cover enormous surfaces with tiuviatile deposits, 
aud by the same process immense volumes of soil have 
been removed from one ])lace to be transported to another 
aud more available locality. 

Piers and sea-walls have lieen built in such places as to 
extend shores to a considerable distance seaward. Thus, 
nearly one-third the area of the Netherlands has been 
reclaimed from the ocean ; Venice has become a city of 
the mainland; and considerable areas of Chicago, New 
York, Boston, and San Francisco are built upon land that 
has been made by the industries of man. 

The various highways, roads, railways, aud canals, to- 
gether with the levelling aud tilling that accompany the 
growth of cities and towns, form a permanent record of 
mankind. More than this even, is the surface covered by 
the rubbish carted from cities and spread here and there. 
It is estimated that the surface of Jerusalem has been 
buried many feet by the accumulating rubbish. In places, 
the citj' of Rome has been filled forty feet deep, and the 
same result has obtained in the vicinity of other cities. 

By the diversion of drainage, swamps have been changed 
to dry land aud their flora entirel}' replaced by other 
species. By canals aud ditches, lakes have been drained 
and the lake basins given up to cultivation. By systems 
of levees and jetties, river-basins have been limited in area, 
and the area of sediment-depositing has been changed from 
one place to another. 

Perhaps the most im[)ortant changes that have resulted 
from the hand of man, however, are connected with the 
dispersal of life. Through his agency various species 
have beeu transported to all habitable parts of the earth ; 
many species have become extinct, and the habits of still 
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others have been greatly changed. It requires only a 
brief geological period until the interference of man shall 
prove to be one of the most important of physiographic 
agents. 

QUESTIONS AND EXERCISES— Why will not the ordinary laws 
concerning the distribution of life apply to the dispersal of man ? 

Make a list, as complete as you can, of the various races and families 
now in the United States ; from what part of the world did each come ? 

Name the advantages possessed by man over other species in over- 
coming the restrictions imposed by his environment. In what ways 
can he override such barriers as the sea, deserts, polar regions, and 
regions not habitable by other species ? 

How, and in what instances, has the discovery of gold affected the 
migration and dispersal of man ? 

Mention one or more instances in which this dispersal has been caused 
by an enemy. 
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NOTES 

' Man is the only animal that habitually walks erect — that is, 
with the spinal column perpendicular to the plane of the feet. 

' Healthy lung tissue, or that of the heart, the liver, the muscle 
are so closely alike in structure that a section from one animal 
serves perfectly as an illustration of the corresponding tissue of 
another. 

' The futility of even the most carefully made classification is 
apparent when one considers the various interbreeding and amal- 
gamation of races. For instance, the Romanic family embraces 
the five peoples enumerated in the foregoing table. But the 



I'lnsicAi. <;K(Mii;,\i'ii^- 



Uiiiii.iiis were .'I iiiixtinc (il L.itins, S.il >('l li.iiis, .hhI Ktriirians, only 
one clciiicrit ol which is known cril .1 i n iy to lie n( Ar>'aii dcsci'iil. 
An iiil'usion of ( i fee 'I-; lilood (lc\ cloiiccl tlic I i ^;h t inq' power's ol' t hr 
mixed i-.-u-c, ;ind h'll to the i-oncincst of the L;'i'<'.'di'i- p.-irl ol' I'liiropc. 
When the Western K<ni|iii-e had br'oken int o I V,i;;iiient s, t he i„-itin 
hini;'ua.i;-e w.-is linally iiiodilied li\- the dilTerent v.inv \vhi> had 
adaiited it, to Spanisli, h'reneh, I 'oit n^nese, and Italian. Hut 
tlie Spanish were a uiixtniT ol' Kelfii- and Iheiian lilood, the 
French were ol Keltic and ( iailic stock, and the 1 'ortn^;nesi' (d' 
Keltic, (lallic, .and llierian descent. Now a ce|-tain amount ot 
Rt)niaji blood w.as intermixed with all these |ieoples, but in 
hardly an instance is there pli\ sic.il ly .a r.ace cliar.icteristic anion;; 
them tli.at is dist inctively Koni.in. .\ simil.ar inixturi' took place 
in the c.-ise of the Kni^'lish people. .\lthoiii;h popularly known 
as Anj^'lo-S.axons, the amal;;.'ini;d ion is l.ar more extensi\'e ; it in- 
cludes .Vn^les, Saxons, .Tntes, .and Danes, together with. a ^;'eneral 
mixture of (iothic blood. To this must also be .added the infu- 
sion of Latin blood th.at c.anie with the Norman < 'omiuest. 

' The ( 'auiMsians, ;i, people south ol the ('.aiu'.asus Monnt.ains, 
who are usu.ally t;dven .as the best t\pe of the white r.ices, beloUi,' 
to this family, 

■' Anion i;' the various races cd' M.ad.a^'.iscar the Hovas are fore 
most, and iiL I'espect to intel lectu.a 1 development are not siirjiassed 
by any other ,\fric.iii 1 |iles. 

"Insiiite of tin' free u.se of yci\ pi^-ments which the Indians 
were accustomed to use on tlieir faces, a |)rex'ailini;' characteristic 
of the r.ice is the c( jIoi' of the skin, which iindinesto a, copper- 
red. This lc.atnr<' is not true of the I'acitic-coast I ndians, how- 
ever, all of whom .■ir<' distinguished by swarthy oi- bl.ack-brown 
skins. The teruL "red men" is one th.at lias been not wisch' 
chosen. 

'Anion;,'' the pre-historic pi>oi)l(>s of the I'ontineid none liaxe 
exciteil more interest th.-in tile nionnd-builders .'ind the clilT 
dwellers. .\cc( u'din^' to popu la r belief both were a distinct race 
ol ]K>(jpl(! wdiom t he I ndi.'ins exterminated. .\s .'i mattia- of I'.'ict, 
tlii'y were nothing' imu'cnor lessth.'in liiilians. .\t the time of 
the discovery of America by ( 'olumbus, some of the native .\mer- 
ii'.'ius, the ,\/,tecs for instance, were in e.'irly st.'i;;'es of civil i/.ation. 
l\h>st of tbi'iii, howi'N'er, were still in the stone .i^'c, and weri' 
tlierel'iu'e in .'i st.'ite not hi;;liei' than b.'i rba I'isiii. Still others 
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were in an intermediate state, and these liad liegun to forsal<e 
the "wickiup or tepe for liouses constructed upon arclutecrural 
principles. The trihes who had i-caclicd tliis development were 
resi)Onsil)le for mound-huildini;'. The Senecas, Mohawks, and 
Iroquois had betcun to l)uild the famous long houses ; the Shaw- 
nees, Cherokees, and Uelawares had not reached quite so high a 
plane, and were still mound-builders. The clilf-dwellers wei'e 
emergini,'' from liarliarism and liuilt theii- pueblos of selected 
stone. For Ijettei- protection they counnonly liuilt them on liif;h 
mesas, on cliff-terraces, or even in caxes. The Aztecs, to wliom 
the Zuiiis and .Aloquis ai-e the nearest living ai)proach, were on a 
much liigher jdane and seem to have eiuerged from barbarism 
at tlie time of the conquest of Mexico. 

" Sonje of the Abyssinians are certainly Semitic, l)ut lor the 
greater part these are comiirised in the nomadic jVral)s who have 
gradually extended their limits to a. large part i>i Africa. The 
earlier inhabitants are Aryans, however. 

'■' The existence of pygmy tril.ies is mentioned by Herodotus, 
Pomp(.)nius Mela, Ai'istotle and others, liut as recently as thirty 
years ago it was Ijelieved th.it the accounts of them were mythical. 
In 18(j5 the famous African traveller, Paul Du (.'haillu, dis- 
covered the Oljongo trilie, being the lirst one in modern times to 
do so. His accounts were flatly C(mtradictcd in Europe, but a 
few years later they were confirmed by P6re des Avanchers, an 
Abyssinian missionai-y. In 1S71, another tril)e, the Akka, were 
discovered liy Dr. tSchweinfurth. 

'" It is by no means certain that man did not precede the 
(.xlacial epoch. A skull found by Professor Whitney- among 
Pliocene deposits and various other relics found among the 
auriferous gravels of California, indicate a much greater age than 
post-glacial existence. As a matter of fact, the search for pre- 
historic and fossil man has lieen neither extended nor sy.stematic. 
Practically no investigations have been uuide among the Miocene 
deposits of Central and 8outhern Asia, where of all places sys- 
tematic researches should lie made. 

" This piece is now in the British Museum. Of its origin and 
antiquity there is no doubt. 

'-The Tartars oven-an Russia, Turkey, and Hindustan. They 
are among the most intelligent of the Turanic peoples. 
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THE INDUSTKIAL EEGIONH OF THE UNITED STATES 

The main body of tho United States extends from tlio 
colder part of tlie Temperate Zone to tlie Torrid Zone, 
tlie isotlierm forming the uortliern boundary of the latter, 
crossing the southern parts of Florida, Texas, and the 
lower part of the basin of the Colorado lliver. This part of 
the United States is divided naturally into ph_ysiographie 
regions that ha"ve fairly well detined lionndaries ; and 
because of their featnres of snrface and eliiuate, each re- 
gion has become a great centre of industries that are pe- 
culiar to it. 

The boundaries of these regions are both topographic 
and climatic, and the regions themselves differ from one 
another in either climate or topography, ox in both. 
Roughly speaking, the groups of States comuioidy recog- 
nized do not ditt'er very greatly from the industrial gron])S 
that result from diverse conditions of climate and to- 
pography. 

The following are the principal physiographic and in- 
dustrial regions : The N'rip Euijland Plalcdii, including 
the eastern part of New York ; the Bfiddlc Allaiitir S/nlr'^, 
including the Atlantic Coast Plain and the middle and 
southern Apjwlachian Highlands ; the (Imit CfiitniJ Plain, 
including the regions commonly known as the Northern 
States and the Southern States; the //'csVc/-;; Jliijhhniilx, 
including the region west of the '2,(K)0-foot contour, tlu^ 
Kocky Mountains, the Coluuibia riateau, the Colorado 
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Plateau, tlie Basin, the Sierra Nevada aud Cascade Moun- 
tains; and the Fuvijiv L'on.'it Rcijioit. Make a list of these, 
grouping eaeli subdivision under its principal division. 

The New England Plateau. — This regiou eudjraces 
the northern Appalacliian folds, with here and there areas 
that belong to the Laureutiau highlands. During the 
glacial epoch this region was greatly worn. The Appa- 
lachian folds in places were almost obliterated, aud the 




THE RL'CGKO SURFACE AFFORDS WATFK-l'OWER 



Green, White, Adirondack, and Oatskill Mountains are 
the principal remuants. Here and there are isolated 
" niouaduocks," nmst of which are bosses of volcanic rock 
which were able to withstand the erosion and corrosion 
that resulted from the work of the ice age. Granitic rocks 
prevail, and their rounded surfaces are generally smooth 
and polished. 

As a result of the glacial epoch the surface of the New 
England Plateau is very rugged, the only level regions 
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being the river flood plains and the old lake basiiis whose 
waters have disappeared. Many lakes still remain, how- 
ever, and these, a few coast lagoons excepted, have very 
strongly the character of glacial lakes and tarns. Name 
six of the largest. The slope is somewhat abrupt and, as 
a result, the rivers flow in " reaches " ; that is, stretches of 
slack water alternate with rapids and falls. 

The coast region is equally peculiar, and, inasmuch as it 
has been submerged or " drowned " in comjjaratively re- 
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A HARBOR COAST 



cent geological times, the sea now intrudes upon the gla- 
ciated regions, making the whole shore-lhie one of fjords, 
like those of Norway. Practically all the good harbors 
of the Atlantic coast of the United States are confined to 
this region and, as a result, aljout four-fifths of the foreigii 
commerce of the country goes in and out of its ports. 



.■'.r,(; T'livsroATi (;EO(!T;AiMrY 

Tlieruggerl snifiir-r; )iia,y lie, classifKHl as ii])]aiiils and 
vall<5y lands. Tlic npLiuds arc cliaiiu-tmJzod liy tliiii and 
iiiiintritious soil. The surface is dnci'sified l)y drnnilins, 
cskers, aud granite hog l>acks ; and nmch of it is sticwn 
with erratic bowlders. The n])lauds are not capable of 
siipporting a dense population,' and in i]w ])a,st half cen- 
tury tliere has lje(!n no niat(>rial progress in agricmltni-al 
])nrsuits ; on the contrary, farming Lmds have depreciated 
in value. About all the industrial gains have been associ- 
ati'd with manufacture. How does the surface affect this 
industry? The farming is confined to the lowland valleys 
and restricted to garden and dairy products. This region 
is celebrated for the manufactures that require a high 
degree of intellectual and mechanical skill,' and these 
have resulted from the conditions that hav(^ afforded the 
abundant w'ater-power. The manufactures form a large 
proportion of the nation's foreign exports. The sewing- 
machines, bicycles, clocks, and firearms mad(! in the njills 
and factories of this region are shipped to almost every 
part of the world ; the cotton cloth is used by aboirt every 
race of people. 

The Middle Atlantic States. — This region includes 
the principal part of the Atlantic Coast Plain, together 
with the middle and southern Ap]ialacliians. The lower 
part of the Coast Plain consists of a belt of SA\;uup lands 
bordered by sandy pine-barrens. Beyond these there is a 
belt of Piedmont lauds — the foot-hills of the Appalachian 
Mountains. The rivers How into estuaries that reach usu- 
ally to the foot-hills and are geuerally navigable to this 
line — the " Fall Lino." Pi-om any good niai) make a list of 
cities along the Fall Line. 

The soil oi this region is not well ada])ted either to cot- 
ton or wheat, although small quantities of both are grown. 
The chief crops a,ro early fruit aud garden stuffs, aud these 
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tiud a ready market iu the great cities of the maimfactiir- 
iug region. Cotton and tobacco are important crops in 
the sontheru jiart of the Piedmont hinds ; and on acconnt 
of the water-power, now tardily developed, the manii- 
faetnre of cotton textiles is rapidly becoming the leading 
industry.-' 

A peculiar ft'aturc of the coast is noticeable in the waye- 
fornied spits or barrier be'aclu.'S <A this region. How do 
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these barrier beaches att'ect commerce V Explain how the 
barrier beach, with the enclosed lagoon, finall}- becomes a 
part of the Coast Plain. The soil of these lieaches pro- 
duces a cotton fibre of long staple and great strength, and 
this is their chief product. The fibre is used iu the web 
of bicycle-tires. 
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The montaue part of tliis sectiou is low aiul not very 
rngged iu the northern, but much higher in the southern 
part. The Appahiehian folds contain the most productive 
coal measures iu the world, and for this reason they are 
the seat of extensive iron and steel manufactures. 

In a few instances the iron ore occurs iu the vicinity of 
the coal measm-es, but iu most instances cheap transporta- 
tion by water enables the manufacturer to ship the ore to 







THE CHIEF GRAIN FIELD OF THE WOKl D 



the coal mines at a minimum of expense. In a few lo- 
calities, the coal shipped by canal meets the iron ore 
brought in steamers and Inirges from the Lake Superior 
iron mines to the shores of Lakes Erie and Michigan, and 
great steel-making plants have grown u]i at Chicago, Cleve- 
land, Lorain, Toledo, Ashtabula, and Buffalo. 

From the foregoing it is ajiparent that the entire Appa- 
lachian region, lioth folds and plateaus, is an area of manu- 
facture because of certain geographic conditions, and these 
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are the existence of power. The waterfall is stored-up 
power and so also is the coal. The power within the coal 
not only makes the steam that drives so much machinerj', 
but in the smelting furnace it also separates the iron from 
the ore ; and inasmuch as iron and steel form the basis of 
most mam^factures, the existence of coal implies the de- 
velopment of a great centre of manufacture."' 

The Great Central Plain. — From Hudson Bay to the 
Gulf of Mexico the Great Central Plain is characterized by 
a level or a gently rolling surface, sloping on each side 
toward the Mississippi River — the whole declining gently 
from a slight rise, called the Heights of the Land, to the 
Bay on the north and the Gulf ou the south. Trace the 
Heights of the Land on the map, p. 353. Within what 
limit of elevation is the greater part of its surface ? What 
is the general elevation west of the Missouri River ? 

Most of the rivers flow in channels that are from one 
hundred to three hundred feet lower than the general level 
of the land, and their high banks are the bhiffs of this re- 
gion. For the greater part of their extent the bluffs are 
not less than one or two miles apart, and there is a very 
level flood plain between them — the famous "bottom 
lands." All through the Great Central Plain the soil is 
naturally very fertile ; that of the bottom lands is espe- 
cially productive. 

The level surface and the general conditions of topog- 
raphy make this region one of sameness so far as external 
appearance is concerned. Climatic conditions, however, 
make two separate and distinct areas of history and indus- 
try ; therefore it is divided into Northern States and 
Southern States. The two groups are roughly separated 
by a boundary formerly known as " Mason and Dixon's 
line," and this boundary in former years was sharply de- 
fined. Incidentally it was a boundary between " free 
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States" and "slave States," but the real boundaiy was one 
that separated the eotton-f^vowiu;:; region from that in 
which food-stiiffs and maunfaetured goods were the staple 
products. 

In the Northern States wheat, corn, oats, and grass have 
always been the chief products. Because of the level 
surface and the deej), nutritious soil the grain crops can 




A MODERN HARVESTER 
// ^'okUI not /'L' used in a i-uggcj couritrv. 

be both planted and harvested at the minimum of ex- 
pense. Under no other conditions of topography could 
there hav^e been such a wonderful development of plant- 
ing and harvesting machinery. As a result, this region 
has become one of the principal food-producing regions of 
the world. It produces one-fourth of the world's crop of 
wheat, a considerabU^ jiroportion of the dairy products, 
and about three-fourths of tlie corn, most of the latter 
being fed to hogs and converted into iiork. 
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Tke -westeni part of tliis regiuu -tlu; ])art Ijcyoud the 
■2000-foot contonr -iloew iiot receive aii auioixut of rain suf- 
ficient to uiatiuo yraiu ; biit the Ijuiich irrass aud the al- 
falfa^ crops are the food of great herds of cattle. As a 
residt, the Noi'theiii States of the Great Central Plain 
produce the flour aud meat not only for the United States, 
but much of that re(|uired l)y the rest of the world. 

The Southern States produce about four-tifths of the 
world's supply of cotton. Grain can be grown in tliese 
States Ijut, acre for acre, the crop does not pjay nearly so 
well as cotton ; and cotton cannot be grown north of the 
line that separates the two groups. The industries and 
social conditions — and, therefore, the history — of the two 
sections have differed greatly. How did these conditions 
encourage slavery in the one group aud discourage it in 
the other ? 

There has always been a considerable amount of man- 
ufacture in both sections, but the manufactured articles 
have been closely related to the grain aud the meat prod- 
uct in the one section, and to cotton-growing in the other. 
These manufactures, moreover, have been greatly en- 
couraged by the extensive coal measures mainly in the 
northern secti(.)n. Most of the cotton is shij)p(id abroad, 
to 1)6 made into textiles elsewhere. 

The Western Highlands.— The Western Highlands 
embrace all that regi(ur between the eastern foot of the 
Kocky, and the western foot of the Sierra Nevada and 
Cascade Eanges. This region is characterized l)y rugged- 
ness. The lofty ranges that form the rims of the high- 
land are less than two miles in altitude in few places only. 
Fremont and South Passes are the eliief channels of in- 
tercommunication on the eastern side. On the west the 
Central Pacific Railway crosses the range at an altitude 
of nearly 10,000 feet. In the north tlie canons of Columlua 
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Eiver and its tributaries afibrcl grades not too difficult for 
railway commuuicatiou ; on the south the canons of the 
Rio Grande, together with San Gorgonio, and Tehachapi 
Passes — the latter at the southern junction of the Sierra 
Nevada and Coast llanges — are the chief routes of com- 
merce. 

The ranges of the Eocky Mountains are lofty folds rest- 
ing each on a core of granitic rocks. The Sierra Nevada 
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and Cascade Ranges are huge blocks of tilted rock with a 
gentle slope on the Avest and an alirupt escarpment on the 
east. The parallel ridges of Nevada and Oregon, com- 
monly called the " Basin Ranges," are excellent examples 
of block mountains, the upturned edge of the block con- 
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stitutiug the range. Here and there are the isolated 
knolls that form the laccolites of which the Heuiy Moun- 
tains are examples. 

The western slopes of the Sierra Nevada and Cascade 
Eanges receive a generous rainfall ; consult the wind 
chart, p. 221, and explain why. "Within the rim ranges 
the rainfall is deficient. In the northern part it is suf- 
ficient for a rather scanty pasturage, but the southern part, 
the higher plateaus excepted, is a desert. 

The Columbia Plateau, or " Plains of the Columbia," is 
mainly the surface of the great flood of lava that seems to 
have flowed from several fissures on the Sierra Nevada 
Mountains.'^ The general surface of the plateau, the block 
ranges excepted, is fairly level, but the region has been 
much dissected by the rivers, whose canons are from five 
hundred to more than three thousand feet deep. 

The Colorado Plateaus, sometimes called the "Alcove 
Lands," consist of a series of table-lands varying from half 
a mile to a mile and a half in altitude. The lower plateaus 
are desert regions of tropical temperature, with here and 
there a few tribes of squalid Indians. The middle plateaus 
have suflicient rain for a very scanty covering of grass ; the 
higher mesas have a fair growth of grass and timl^er. 

Canons with angular outlines and almost vertical walls 
are the chief characteristic of this region. The canons of 
the Colorado, which have made the region famous, in 
places are more than a mile deep. Prol^ably nowhere else 
on the face of the earth are the featiires of erosion and cor- 
rosion presented on such a stupendous scale. Every mas- 
ter stream and every tributary is practically an undergi'ound 
stream, so deep are their channels below the general level 
of the plateaus. 

The Basin Region receives its name from the fact that 
none of its drainage reaches the sea. On the slopes of the 
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block ranges the rivers are vigorous streams, but tlieir 
waters tiiiall}' disappear by evaporation and percolation in 
the sea of tine rock waste at their lia.sc^s.' The lakes a.re 
without outlet to the sea, and most of them are the shrunk- 
en remnants of two great lakes that once covered a lar<j;e 
part of this icgion. 

(_)ne of thes(\ now called Lake la Hontan, included Hum- 
l)oldt, Pyramid, Winu(>niuct'a, and S(>veral other lakes ad- 
jacent. Several of them, including Walker and Owens 
Lakes, have never wholly disajipeared and their waters are 
saturated brines, evaporation continuing imtil the water can 
hold no more saline matter in solution. Great Salt, Utah, 
Sevier, and Parowan Lakes are the remnants of former 
Lake Bonneville (p. 173). Of the various remnants half a 
dozen have wholly disappeared, and Sevier and Parowan 
Lakes are practically dry. Utah Lake is fresh ; why ? 
Great Salt Lake at present is shrinking on account of the 
diversion of its feeders for purposes of irrigation.^ 

Two small areas of the Basin llegion are below seadevel. 
One of these, Salton Lake and its basin, are undoubt- 
edly the former head of the Gulf of California ; the other. 
Death Valley, may have been. The " sink " on dry bed of 
Salton Lake, also known as Goahuilla Valley, on the Sink 
of San Felipe, was most likely separated from the present 
((ulf by the sediments brought down by the Golorado 
K-iver. The sediments made a bar or sea-wall across the 
Gulf and cut it in twain. The upper ])ortion in jdaces has 
become partly tilled with windd>lo\vn rock waste, but its 
lowest part is about three hundred ioet below seadevel. 
Death Valley, at Kings Springs, is nearly two hundred and 
fifty feet below mean tide. 

Several of the sinks of this region are fed, not by rivers 
that normally How into them, but by the overflows of the 
Colorado lliver. AVhen more than bank-full, the latter 
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overflows into the lower laud to tlie westward. Former 
Saltoii Lake was au overHow of this character.' New and 
Hard3''s Rivers, frequently chartered on maps of this re- 
gion, are not streams flowing into the Colorado, but out of 
it. In this locality the river practically flows around the 
side of a slope ; and at times, when its channel is choked 
with sediment, the water breaks its cou fining bank and 
temporarilj- flows out into the desert. 
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The climate of the Basin is one of intense heat, and the 
southern part is tropical. In many places it is a region 
of dunes swept by simoons, and occasionally deluged 
by cloudbursts. To the latter are mainly due the sinks 
and washes of the region. Yuccas, cacti, mezquit (a spe- 
cies of acacia), and gamma, a coarse grass resembling the 
spinifex of Australia, are the prevailing vegetation of the 
southern part ; sage-brush, a kind of wormwood, is char- 
acteristic of the northern region. Wherever irrigation is 
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jiossible the soil of tlio river flood plaius is highly pro- 
ductive. In the southern part several species of lizard, 
among them the " horned toad," abound. A large species, 
popularly known as the " Gila monster," inhabits the Gila 
Eiver and is peculiar to this river valley. Herds of deer 
are found near the head <.)f the Gulf of Colorado ; and a 
few camels, the descendants of imported animals,'" are run- 
ning wild along the lower part of the river. 

In general, the conditions of both climate and topogra- 
plij- will not permit the "Western Highlands to become a 
thicklj' peopled region. The rainfall is insutficient for 
the production of food-stiifl's, and the latter must depend 
upon irrigation wherever thej^ are grown. The rugged 
sm-face is intensified b}' the deep and precipitous stream 
canons, and these are such obstacles that commerce is 
carried on only at an enormous expense. In one or two 
instances a canon half a mile in width forces traffic to make 
a detour of several hundred miles around. The mining 
of copper, lead, and the precious metals is the most im- 
portant industry. 

The Pacific Coast Region. — This region includes 
the western foot-hills of the Sierra Nevada and Cascade 
Ranges, the Coast Ranges, and the great intermoutane 
vallej' between them. The principal feature of this re- 
gion is the distribution of rain. During the winter months 
the moist westerly winds are sufficiently chilled to shed an 
abundance of rain over almost the entire region. Scarce- 
ly a drop falls from May to October. The rainfall, there- 
fore, is seasonal. 

The foot-hill region is more or less rugged, but the 
greater part of its area forms excellent ranges for cattle 
in the north, sheep in the south, and fruit in everj' part. 
The Coast Ranges lie abruptly against the shores of the 
Pacific Ocean and in only a few places is there even 
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a narrow coast plain. The few harbors, however, are 
deep, commodious, and most conveniently situated. In a 
few places, however, vessels lie alongside a high cliff and 
receive their cargoes by means of chutes with long out- 
riggers. The lower ranges of these mountains form ex- 
cellent pasturage ; the river valleys produce the best 
wheat that is grown. 

The great intermontaue valley is probably a marine 
plain. It varies from twenty to about one hundred miles 
in width, but in sev- 
eral places it is in 
terrupted by cross 
spurs that connect 
the great ranges 
In the north, wlieie 
it opens to the sea, 
it is known as the 
Sound Valley 
"What strait and 
sound form the out- 
let ? Farther south 
the Golden Gate 
opens from the sea 
into one of the prin- 
cipal harbors of the world ; what is its name ? This part of 
the intermontane region is best known as the Sacramento- 
San Joaquin Valley. 

The northern and southern parts of the intermontane 
valley form a mammoth wheat field; '' the middle portion 
consists of rolling lands that form excellent c£ittle and 
sheep ranges, and furnish the possibilities of unlimited 
water-power not yet utilized. South of Tehachapi Pass a 
fertile lowland lies next the Pacific which yields an abun- 
dance of semi-tropical fruits and a very fine merino wool. 
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SOS rJlYSK'AL CE()(i'!Al'irY 

Tho coiiditious of liotli climato and i(>]iogra]i]i_y niako tdiis 
a region tliat is capablo of yTippoitiiig au enormous jiopu- 
latiou. 

The Territory of Alaslia forms tlie iiortliern jiart of tlie 
Paeitie Coast resj'iou. Its elimate ami ruiJired. surfaee reii- 
der it unlit for all agricultiu'al pursuits. The coast slope 
is iuoderatel_y warm, but the rainy season is aliout ten 
mouths in duration ; the intt'rior is a regiou of arctie 
temperature. (So far as is kno«ii there is not a level tract 
of cultivable land large enough to make a fair-sized farm. 
The chief A^•ealth of tlie territor}- is contained iu the gold 
mines of the Klondike and Cape Nome Districts and in 
the fisheries of the littoral waters. 

The Adjustment of Industrial Pursuits to Environ- 
ment. — In the growth and development of a nation t\\(.) 
processes usually are going on — the acquisition of territory 
and the adjustment of the juirsuits of a people to the condi- 
tions of their geographic surroundings. The latter is usu- 
ally attended with more or less friction, and the friction 
is a very large factor in their history. 

In the geographic distribution of the industries of the 
United States, one may follow the processes of adjustment. 
The New England Plateau, with its aljundant water-pt)\ver — 
helj)ed also by steam-power — furnishes the coinitry with 
light manufactures and textiles and exports the balance. 
The people of the harbor region carry on the foreign com- 
merce and largely control the great railway systems that 
transport the manufacturer's prodircts and the food-stufi's. 

The people of the Appalachian region manage the distri- 
bution of the coal and su]iply the couutrj^ with steel rails, 
bridge material, building girders, and power-producing ma- 
chinery. From the prairies of the Creat Central Plain 
come the l)readstutl'8 and meat, and from the Atlantic 
Coast Plain tlie fruit and vegetables re(]uired for the labor- 
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ers iu the crowded manufactnriug centres. From the sc.tli 
CDiues the cottou aud from the west the wool that is to 
clothe eighty millious of people. From the Western High- 
lauds are obtained the gold and silver, the medium of com- 
mercial exchange, aud much of the copper the medium by 
which electric-power is transmitted. Each section sup- 
plies not only the rest of the United States, but a large 
foreign trade as well. 

In general, the area which produces the food-stuft's and 
timber means great population. The gold and silver mean 
a vast commerce. The coal and the iron ore are forecasters 
of tremendous power. 

Natural Resources. — No other nation possesses a 
greater wealth of resources than the United States. Some 
of these will still last for years, but others are nearly ex- 
hausted. The bison and the fur-seal are practically extinct, 
the former being in 2">art replaced b}' cattle that certainly 
are of greater value. 

The most valuable forest trees of the country are the 
pines. Of these, a belt of white pine extends along the 
uorthern border ; and a belt of yellow pine along the At- 
lantic and Gulf coasts. Both of these regions are nearly 
exhausted of their supplj^ of merchantable timber.'- The 
dense forests of Douglas tir, or " Oregon pine," aud red- 
wood of the Pacific Coast will lie prodiictive for a much 
greater length of time. The amount of growing timber is 
proljably greater than at any previous time in the history of 
tlie country, but most of it is not ada]itable for building pur- 
poses. It is estimated tliat from five to ten million young 
pines are destroyed each year for use as Christmas trees. 

Tlie c(>aJ-Jic/<ls cover an area of about 130,000 square 
miles.'" Of the amount yielded from these mines, all the 
anthracite coal comes from three small areas in Pennsyl- 
vania ; these, it is estimated, will be exhausted iu about 
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one Hundred years. The supply of bituminous coal is prac- 
tically unlimited. Much of the coal-supply is used as 
house fuel, but by far the greater part is used in the manu- 
facture of iron and in producing steam. 

Coal is derived from woody fibre that in time past was 
subjected to heat and pressure away from contact with the 
air. Most of the vegetable matter accumulated in the 
swamps of the Carboniferous Age. The coal measures 
of the Pacific Coast, however, are of much more recent 
origin, and formed during the Tertiary period. 

Petroleum, or rock oil, occurs in various places, usually 
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near but not always in the coal-fields. The refined oil of 
commerce is shipped to almost every part of the world, 
and is even an article of caravan trade in Africa. The 
principal wells of the United States are in Western Penn- 
sylvania, Eastern Ohio, and West Virginia. There is also 
a productive region in Southern California. Natural gas 
occurs in the same general area, but the gas and the oil 
do not seem to be associated. The gas is used for house 
fuel and for making steam. The supply, much of which 
has been wasted, is becoming exhausted. 

Iron ore occurs in very many parts of the United States, 
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but it is available only when it can be shipped to places 
where coal is cheaply obtained. The Gogebic and Ke- 
weenaw deposits on Lake Superior, Iron Mountain in Mis- 
souri, and the deposits of the Appalachian Mountains are 
the chief supplies. The iron is obtained from the ore by 
smelting the latter with coal or coke. The "pig-iron" 
resulting is then converted into steel ingots by the Besse- 
mer p]-oeess, and the ingots are rolled into rails, plates, 
and bUlets, and other structural material. 

Gold is abundant in the Western Highlands. It is 
obtained mainly by crushing the quartz rock in which it 
occurs and " amalgamating " or dissolving the gold in 
quicksilver, or by the use of other solvents. In Alaska 
and in parts of California most of the gold is free, being 
mingled with gravel. It is obtained bj' " washing " the 
latter awaj' with water, therelij' leaving the gold, which is 
much heavier, to be taken up by the quicksilver. Silver 
also occurs in the Western Highlands. Copj^^er occurs in 
the Piocky Mountains, but the principal part of the prod- 
uct comes from the Lake Superior region. It is mainly 
used for the transmission of electric power. One of the 
two quicksilver-producing regions of the world is in Cali- 
fornia and this state yields about half the output. 

QUESTIONS AND EXERCISES.— Repeat the list of physiographic 
and industrial regions enumerated in the first page of this chapter. 

Why is the New England Plateau ill-adapted to grain-farming ? How 
does topography become a factor in the economic production of grain ? 

State the various ways in which coal is used as power, both on land 
and at sea. 

Study the furniture and equipments of the school-room and make a 
list of the industries there represented. Trace the geographic source 
of the raw material employed ; where is each manufactured ? 

Explain how the topography of the northern prairies has affected the 
development of farming machinery. 

Explain why cotton growing is limited to its present latitude. In 
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what way has cotton-growing affected the social conditions of the peo- 
ple of the Southern States ? 

Explain how and why the topography of the Western Highlands is a 
barrier to commerce. 

Explain how and why the geographic distribution of industries has 
resulted in the enormous development of railways. 

Describe three railway routes across the Continent ; two water routes 
from Chicago to tide water. 

How does the grade of a railway affect the cost of transporting freight ? 

Obtain from the Hydrographic Office, Washington, D. C.,any bulletin 
or publication explaining the kinds and uses of buoys and range lights 
employed in harbors. 

Trace the course of a deep draught steamship entering the main 
channel of New York Harbor, with reference to the range lights. (Sa 
map, p. J69.) 
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pp. 42,5-449. 

NOTES 

' There has been a constant movement of people from the up- 
land farms either to the cities or else to the more fertile regions 
of the west. 

^ In manufacturing and commercial regions there is a greater 
amount i^er cajjita paid for education and higher average daily 
wages than in any other part of the country. 

' By manufacturing the cotton in the region where it is grown 
there is saved the transportation of the cotton from the field to 
the mills, many miles distant. 

* The United States now leads in the manufacture of rails. 
Nearly all of the 6,000 miles of steel rails that span Siberia were 
made in the rolling mills of Pennsylvania. 

' Alfalfa is a hardy and rapidly growing species, very closely 
related to clover. It is fully as nutritious as clover and grows 
more rapidly. 
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° In several places the Columbia River has cut its channel deep 
into the flood of lava. In one place there is disclosed a forest 
which was overwhelmed by the lava. The trees are felled, but 
the wood is in a good state of preservation. 

' At times the beds of some of the larger streams, such as Hum- 
boldt and Carson Rivers, are dry in the day ))ut contain a con- 
siderable amount of water at night, when, by reason of lower tem- 
perature, evaporation is lessened. 

* On the whole there seems to be a slight gain in the volume of 
the lake. Pyramid, Carson, and Winnemueca Lakes, in recent 
times dry, are now filling up. Their waters contain not much 
more than three per cent, of salt. 

' At the time of the last filling of the basin the water was 
extremely salt, and its temperature was nearly 120" F. Because 
of its altitude — more than three hundred feet lower than the 
Colorado River — at several times there have been propositions to 
turn the river into the sink and thus make an inland sea. 
Evaporation is so great, however, that the entire volume of the 
Colorado would fill but a small part of the basin, nor would 
there be any outflow from the sink to the Gulf. 

'" The camels were first imported by Jefferson Davis, at the 
time when he was Secretary of War. As pack animals they were 
successful. A camel could carry twice as much as tlie best pack 
mule, and carry it twice as far in a d.ay. The pack mules and 
horses were in mortal terror of the camel, however, and the rifle 
of the packer in time put an end to the experiment — and j^rac- 
tically to the camel. 

"The excess of wheat is exported mainly to Europe, by way 
of Cape Horn. The completion of the Nicaragua Canal will 
bring San Francisco nearer to London than its rival wheat mar- 
ket, Calcutta, now is. 

'-Forest fires probably rank first in the destruction of timber. 
The railways make the heaviest demand on the oak, which is em- 
ploj-ed as ties. Between the railways and the tanneries the 
Pennsylvania Appalachians are nearly shorn of oak and hem- 
lock. The p.aper-makers also use an enormous amount of tim- 
ber in the manufacture of paper pulp. 

"Only a small portion of this area, however, is productive. 
The ccjal measures of China probably surpass those of the United 
States. 
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The Elements of the Solar System 



Name. 


Distance from 
Sun, in Miles.'' 


Time of 
Revolution. 


Diameter in 

Miles. 


Numtier of 
Satellites. 


Density 
Water =1 


Sun 






860,000 

2,992 

7,660 

7,918 

4,2U 

20—300 

80,000 

70,500 

31,700' 

34,500' 




1.4 


Mercury .... 


37,750,000 

66,750,000 

92,300.000 

141,000,000 

250,000,000 

480,000,000 

881,000,000 

1,771,000,000 

2,775,000,000 


88 days 
224 '^ 
365 J- " 

1.9 vrs. 

4.41 " 
11.8 " 
29.5 " 
84 " 
164 " 




6.8' 




4 8' 


Earth 

Mars 


1 

2 


5.6 
4.2 


Jupiter 

Saturn 

Uranus 

Neptune .... 


5 
9 
4 

1 


1.4 
0.7 
1.3' 
1.1' 



J The periodic time of the asteroids varies from 3.1 years to 7.8 years ; the approximate 
average is 4.4 years. 

2 These values are approximate. 



II 

Deep Borings 

The following are the greatest artificial depths yet obtained, 
that at Monongahela probably extending as far below sea-level 
as any others. The two deepest borings in the world were 
both sunk in Germany, at Government expense, to ascertain 
the thickness of the coal measures, and also wliether other 
beds underlay those that were known. The deeper of the 
two and the greatest depth yet attained is in the coal-fields of 
Upper Silesia, at the little mining town of Paruschowitz, where 
the diamond drill has penetrated to the depth of 6,570 feet. 

37.5 
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Tlie second greatest depth is that at Schhidebach, near Leipsic, 
where the drill was sent down to 0."2(i5 feet. AVith the excep- 
tion of the borings on the Mouougahela and Wheeling and 
the deeper of the two wells snnk at St. Louis, all the drilled 
holes that have reached an exceptionally great depth are in 
German}-. Here is a list of the deejiest bore-holes : 

Feet. 

Paruscliowitz, Upper Sile.^ia (i, ")70 

Schhuieliach. near Loipsio (1,L'(;.J 

Moiuiiiffaliola (tlius far sunk) .'>,r>.'>2 

Whoeliug, W. Va 4.;i20 

Spereuberg (gyp.^uni beds near Berlin) 4,.^.j'.t 

Lietb, near Altoiia 4,:iS8 

Eo, near vStassfurt 4.241 

Lubtlieen, in Jlecklenburir .'l.iUO 

St. Lonis, Mo '. :i,.-<43 

Stennewitz. near Halle :>,(144 

Inowrazlaw, I'osen o,Ci'2i 

Friedrielisaue, near Asehersleben 3,542 

Many thousands of wells have been sunk in this country 
chiefly in the search for petroleum or natural gas, but most of 
them are not over 1,000 to 2,000 feet deep. The greater part 
of the artesian wells in the country vary from 200 to 1,000 
feet. The average dejtth of the many thousands of artesian 
wells sunk for irrigation in the western half of the country is 
not far from 210 feet. 

It is in our copper-mining shafts on Lake Superior that we 
take first rank in this form of excavation. Work on Xo. 
5 Tamarack shaft on lloughton Peninsula began in 189."i, and 
it will not be completed until 1901. when, it is expected, it 
will be the deepest shaft in the world. It will not be sunk 
to a greater depth, for from this level the company can ob- 
tain all the ore at that end of its property. There is but little 
uniformity, however, in the rate at which the heat increases ; 
it varies from one degree (F.) in fifty to one in ever;,' seventy 
or eighty feet of descent. In some cases the heat is due in 
part to chemical changes in the rock, — 0. U. Adauig, in Tlic 
New York iSuii. 
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III 



Heights of Plateaus, RanCxES, and Peaks 



Plateaus 



Feet. 

Abyssinian 6,500— 7,500 

Allegheny 1,000— 1,500 

Australian 4,500— 5,500 

Bolivian 12,000—14,000 

Brazilian 2, MOO— 2,500 

Colorado 4,500— 6,000 

Columbia 4,000— 5,000 

Dekkan 2,000— 2,500 

Guiana 2,000— 3,000 



Feet. 



Heights of the Land. 1,000— 1,500 

Iberian 2,000— 2,500 

Iran 5,000— 6,000 

Mexican 7,000— 8,1100 

Mongolian 3,000— 4,000 

New England 1,000- 1,200 

The " Plains," 5,000— 6,000 

The Pamirs 10,000—14,000 

Tibet 15,000—17,000 



Ranges 



Feet. 



Alps 7,000— 9,000 

Altai 6,000— 7,000 

Andes 12,000—15,000 

Apennines 3,500—4,000 

Appalachian 1,500— 2,500 

Atlas 8,000—10,000 

Balkan 4.000— 5,000 

Blue (Oregon). . . . 4,000— 4,500 

Carpathian 4,500— 6,000 

Cascade 7,500—10,000 

Caucasus 9,000—11,000 

Coast (California) . 2,500— 3,500 



Feet. 



Coast (Canada) 4,500— 8,000 

Dragon (So. Africa), 4,000— 5,000 

Himalaya 16,000-19,000 

Hindu Kush 16,000—18,000 

Jura 2,.500— 3,500 

Karakorum 18,000—19,000 

Ozark 1,200— 1,500 

Pyrenees 7,500— 9,000 

Rocky (U. S.) 6,000— 7,000 

" (Canada) 9,000-10,000 

Tian Shan 17,000—18,000 

Ural 2,000— 4,000 



Peaks 



Feet, 

Aconcagua 23,900' 

Ararat 17,260 

Blanc 15,7442 

Ben Nevis 4,.3685 

Chimborazo (volcano) 20,500 

Cotopaxi (volcano) 16,300 

Dapsang 28,.300 

Demaveud (volcano) 18,800 

Etna (volcano) 10,875= 

Elbruz 18,526* 

Everest 29,000' 

Fremont Peak 13,790 

' Highest in Sontli America. 
2 Highest in Europe. 
' Highest in British Isles. 
* HigheBt m Caacasaa. 



Feet. 



' Varies with each eruption. 



Fujiyama (volcano). ..... . .14,177 

Hekla (volcano) 5, 100 

Hood 11,900 

Kenia 18,000 

Kilima Njaro 20,000» 

Kilauea (volcano) Hawaiian 

Islands 4,000 

Logan 19,.500 

Marcy, New York 5,467" 

MeKi'nley, Alaska 20,464' 

Mauna Kea (volcano), Ha- 
waiian Islands 14,000 

5 Possibly highest in the world. 
' Highest in Adirondacks. 
' Probably highest in North America. 
' Possibly highest in Afnca. 
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Peaks (Coniiinied) 



Feet. 

Mauna Loa (volcano) 13,(100 

Mitchell, North Carolina... (;,711' 
Hooker, British Columbia.. 15, 700 

Orizaba (volcano) 1S,300-' 

I'ike's Peak 14,147 

Popocatepetl (volcano) .... 17,S00 

Kainier (Tacoma) 14,441 

St. Elias 18,024 

1 Highest in Appalachian System. 

2 Highest in Mexico. 

' Possibly highest in world ; not siu-veyed 



Feet. 

Shasta 14,440 

Sinai 8, COO 

T. 45 (Himalayas) 20, KMT' 

Teneritle '. 12,0(10 

Washington G,28(;-i 

A'esuvius (volcano) 4,000' 

Wliitnev 14,808« 

Wraugell 17,500 

^ Highest in White Mountains. 
'' Highest in Sierra Nevada Eauge. 
* Varies wth each eruption. 



IV 

Lengths of Eivers an"p Areas of their "Basins' 





Miles. 
...4,000 


1 
Sq. Miles. 

2,500.000 

750,000 

400,000 

230,000 

290,000 

300,000 

200,000 

150,000 

450,000 

450,000 

400,000 

13,000 

350,000 

l,500,(ilJ6 

1.250,000 

750,000 

COO, 000 
:!( 10,000 

1,250.000 


Murrav-Darliiig 

Ni"er ' 


Miles. 
.1,1(10 
3 000 


Sq. Miles, 
350,000 




.2.500 


1,000,000 

1,250.0(.10 

1,(100. 000 

275,000 


Brahmaputra. . . 
Colorado 


2,000 
...1,100 
. ..1,400 
...1,800 


Nile 

Ob 


4,000 
2,800 
.1,200 




Orinoco 

1^ 

lihine 

Khone 

Kio Grande 

St. Ija'\\'rc[iee. . 
Sao Francisco. 


. 1,5(30 
. 450 
. 800 
. 550 
.l.SOO 
.2,100 
.l.SOO 
. 500 
. 215 
.1,000 
2 3 00 


400,000 


llnieper 


....1,230 
700 


27,000 
90,000 
35,(300 


Elbe 


. . . 550 


G.anges 


1,800 


200,000 

5(i0,O00 

200,000 

23,000 


Hoang 

Hudson 


. ..2,800 

300 

.2,000 


Irawaddi 

Kongo 

La Plata 


1,200 

.. . .3,000 
. ...2,300 


Thames 

Tocantins -' ... 
Volga .... 


(1.000 
250.00(3 
(100,000 




2 800 




3>,100 


700,000 




2 40(1 




.3,000 


1,500 00(3 


Mekong 2,(;(10 

Mississippi-Missouri. 4, 200 


Yukon . , . 


.2,200 
. 1,800 


400,000 


Zambesi 

1 


500,000 



1 Both the length and the area of the basin are approximate except in a few instances ; 
the length of almost every river changes from year to year. 

2 Not a tributary of the Amazon. 

It is well to bear in mind that the leni;tli of a river is apt to 
vary from yetir to ye;tr, jiartly beeause of the formtitioii of 
loops and cut-oil's, and jia.rtly owing to the gradual e.xteusioii 
of its headwater tributaries. 
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Lakes 
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Name. 


Area. 


Depth. 


Altitude. 


Aral. 


Square Miles. 

25,000' 

1,000' 

13,200 

8,500' 

170,000' 

10,000' 

1,300 


Feet. 

200' 

200 

4,500 

135' 

3,000' 

20' 


Feet. 
50 


Assal 


— 580 


Baikal 


1,400 




1,000' 


Caspian 


-84 


Chad 


1,000 




7,000 


Crater 


2,300 
700' 
210 
50' 
734 
730 

■ ■ ' 320 ' ' ' 




Dead Sea ... 


320 

573 

2,300' 

23,800 

7,000 

22,450 

2,800 


— 1,300 


Erie 


9,;i60 


Great Salt 


4,200 


Huron 


581 








581 




108 


Salton Lake ' 


— 267 




31,200 
14,000' 
12,500 
2H,000' 
'J,400 


1,008 
1,200 

;ioo 


602 




2,670 




12,500 




4,000 
710 




72 







J Approximate ; the figures given are from the best authorities, but vary from the 
measurements of others. Lake Assal is situated in a depressioB near the Gulf of Aden. 
It is the head of a small bay severed from the sea by aeoUau sands. It is fed by a small 
stream that flows from the sea into the lake. The volame of the lake represents the 
balance between inflow and evaporation. 

2 Subject to great variations ; the sign — prefixed to the altitude indicates below sea- 
level. Salton Lake is now dry. 



VI 

The Tides 
The following very clear solution of a much disputed prob- 
lem is given by Dr. Emerson E. White, author of a series of 
mathematical text-books. It is only proper to add that no 
theory on the subject fully explains all the phenomena noted. 
Dr. White's solution meets the views of most students. 

Let E equal the attraction of the earth, and M equal the attraction of 
the moon at B, and M' the attraction of the moon at A and C. 
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Since distance OB is less timn OA or OC, .)/ -■ M'. TIence E- M< E- M\ 
and hence the water at R is lighter than at A or C — i.f. , has less siiocific 
gravity, and is lifted or Imlged hy the surronnding heavier water. 

Let A' equal attraction of the earth and m ecjual attraction of moon at 
B', and ;»' cqnal attraction of moon at A' or C . Since distance (»IV is 



o 



greater than OA' or OC, m < m' . Ilcnco E -i m < E + »i% and hence 
tlie water at B' is ligliter or has less specific gravity than at A' or (' and is 
lifted or hnlged by the surrounding heavier water. Since distaru'c (IB is 
less than OB', M > »i, and lieuce the tide at B is higher than at B". 



VII 

'Pablk SnowiNr; thh NuiMUKii of Grains of MoisTruE, 
BY Weight Nel'kss.vry Tt) Saturate a Ct'iuc Foot 
OF Air at Normal J»ensity. 



Temi)craturc. 


Moisture in 
One Cubic 
Foot of Air. 


Tempornture. 
Degrees V. 


Moisture in 
l»ne OuI)ie 
F'oot o[ Air, 


Temperature. 


Moisture in 
One Ouiiie 
Foot of Air. 


Degrees F. 
-40 


Grains. 
.OS 


(Jrains. 

:i.42 


Degrees F. 

' CS 


Grains. 
7.4S 


-:!0 


.i:t 


oO 


4. OS 


70 


7. OS 


-20 


.22 


r>2 


4.:'.7 


72 


S.-'-.l 


-10 


.:!() 


r,\ 


4. CO 


74 


:t.07 


(1 


..'ii; 


r.i; 


.1. 02 


7C 


o.ci; 


10 


.87 


.^s 


~>.'-'>7 


7S 


I0.2S 


20 


1.82 


CO 


."». 7'i 


SO 


10.114 


:!o 


i.oi; 


(12 


C. 14 


110 


14.70 


.•tf) 


2.:i7 


(M 


('..,")(; 


100 


111.02 


40 


2.Ko 


(Hi 


7.01 


110 


2(1. 41! 
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Ages, geological, 33 

Altitude, climatic effects of, -4:2 

Animals, distribution of, '^23 

regions of, 31G 
Anticyclones, 249 
Artesian wells. 135 
Atmosphere. 21 

movements of, 21G 
Asteroids, 17 
Atolls, coral, 47 
Aurora borealis, 272 
Avalanches. 150. 1(32. 163 
Axis, effects of inclination of, 14, 19 

Balance, Nature's, 23 

Barriers, 310 

Basalt, 27 

Blizzards, 255 

Bores, tidal, 200 

Breezes, day and night, 219 

Brush discharge, 272 

Camel. 39 

in America, 333 
Caverns, 142 
Climate, changes in, 290 

extremes of, 292 

zones of, 291 
Cloudbursts, 246 
Clouds, 234 

cirrus, 236 

cumulus, 236 

nimbus, 237 

stratus, 236 
Coal-fields of U. S., 370 
Coal measures, 39 
Coast forms, 51. 53 
Cold waves, 254 
Comet, Tempel's, 18 



Compass, mariner's, 276, 2S6 

Continents, 42 

Coral formations, 52, 54 

Coronas, 279 

Corrasion, 105 

Craters, 91 

Currents, ocean. 200 

economy of, 205 
Cyclones, 249 

trojiical, 250 

winter, 252 

Degradation, 105 
Deltas, 115 
Deserts, 296 

distribution of, 297 

winds of, 223 
Development, stages of, 303 
Dew, 233 
Diffraction, 278 
Divides, migration of, 121 
Doldrums, 219 
Drift, 159, 200 
Drumlin, 159 

Earth, curvature of, 19 

dimensions of, 13 

form of, 12 

motions of, 13 
Earthquakes, cause of, 98 

distribution, 99 

nature of, 95 

phenomena of, 98 
Ecliptic, plane of, 14 
Electricity, laws of, 26S, 282 
Environment, 367 

adjustment to, 368 
Equinoxes, precession of, 14 
Eras, geological, 32 
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Eros, 17 

Erosion, 105 

Erratic Itowlders, 161 

Eruptions, volcanic, 81 

Eskers, 160 

Eskimos, 340 

Estuaries, 115 

Evaporation, latent heat of, 333 

Felspar, 26 

Floes, 193 

Flood-plains, 113 

Forestry, distribution of, 3^ 

Geoid, 12 
Geysers, 136 
Glacial epoch, 35 
Glacial ice sheets, 155 
Glaciers, 153 

occurrence of, 157 

physiographic effects of, 157 
Grain, 318 
Granite, 38 

Han, 243 
Halos, 279 

Highlands, western, 361 
Hornblende, 26 
Hydrosphere, 21 

Icebergs, effect of, on commerce, 161 

formation of, 156 
Ice of the sea, 193 
Ice-pack, 173 
Iron, 372 
Islands, 47 
Isobars, 260 
Isoclinals, 375 
Isogenics, 275 
Isotherms, 291 

Lagoon, 167 

Lakes, accidental, 167 

geographical distribution of, 174 

glacial, 165 

marsh, 164 

physiographic aspect of, 169 

play a, 169 



Lakes, salt, 168 

walled, 185 
Land storms, 252 
Life, dispersal of, 309 

nature of, 303 

physiographical aspect of, 327 
Lightning, 283 
Lithosi'here, 20 
Lode, 142 
Loess, 227 

Magnetic pole, 274 

storms, 276 

variation, 274, 285 
Magnetism, 273 

laws of, 273 
Man, antiquity of, 342 

migrations of, 345 

races of, 335 
Marshes, 176 

physiographic aspect of, 183 
Matter, forms of, 18 
Mediterraneans, 50 
Meteors, 18 
Mica, 27 
Mirages, 279 
Monsoons, 318 
Moraines. 154 

Mountain-ranges, nature of, 67 
Mountains, distribution of, 70 

economic aspect of, 72 

jihysiograjihic aspect of, 69 
Movements of rock envelope, 23 
Mud volcanoes, 138 

Natural resources of U. S., 370 
Neve, 153 
North star, 1-i 

Oases, 397 

Ocean waters, physiographic aspect 
of, 206 

Pacific Coast Region, 366 
Passes, 79 
Peat, 177 

Percolating waters, 133 
Physiography, man's relation to, 347 
of under-gi'onnd waters, 141 
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Plains, distribution of, 60-TC 
ecouomic value uf, i'A 
physiographic aspect of, Gl 

Plants, distribution of, 315 
economic, ol8 
regions of, 31 G 
textiles, 33'3 

Plateau, New England, 854 

Plateaus, distribution of, 04, 78 
economic aspect of, 64 

Potential, electric, 209, 2S3 

Pygmies, 333, 341 



Solar system, 9 
Sphagnum, 177 
Springs, 135 

mineral, 13G 
Stalactites, 145 
Stalagmites, 145 
States, Middle Atlantic, 356 
Strata, order of, 3U 
Sun and planets, 11 
Swamps, 170 

economic value of, 183 

lacustrme, 178 



Rainbows, 280 

Rainfall, distribution of, 238 
seasonal, 240 

Rainless regions^ 242 

Rapids, 119 

Rivers, continental, 125 

economic importance of, 120 
geographical distribution of, 123 
growth and development of, 110 
physiography of, 107 

Rock envelope, 21 
formation of, 25 
waste, movement of, 183 

Rocks, igneous, 27 
metamorphic, 30 
sedimentary, 27 
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Sahara, 301 
St. Elmo's fire 
Sandstone, 28 
Sand valleys, 134 
Sandy hooks, 207 
Sea, 48 

arms of, 49 
Seas, sargasso, 203 
Silica, 2(5 
Simoon, 223 
Sinter, 141 
Slate, 38 
Sludge, 193 
Snow, 243 



Talus, 78 

Temperature, extremes of, 294 

mean annual, 300 
Terraces, 115 
Thunder-storms, 271 
Tides, 195 
Tornadoes, 255 
Typhoons, 250 

Underground streams, 139 
Unusual adjustments, 133 

Valleys, 71 
Variation, 305 
Vesuvius, eruption of, 91 
Volcanoes, nature of, 85 

distribution of, 89 
Vulcanism, results of, 86 

Water, 54 

envelope, 32 
Watershed, 137 
Waterspouts, 258 
Waves, 194 

Weather forecasting, 259 
Wheat, 319 
White squall, 57 
Winds, 216 

physiographic effects of, 324 

Zone of fracture, 54 



